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8 E c T I Oo N 1. 
Definition and Principles. 


AVIGAT ION is che art of condufting a mig from one b D. 


port to another.. 


his art 3 2 divided into ho a namely, Mechanical as FF 


Theoretical. | 
* MECHANICAL, or Wonkixd NAVIGATION, comprehends the art of 
working a ſhip; that is, of cauſing it to obſerve ſuch motions and di- 
rections as are aſſigned by the Navigator. | 

This art muſt be learned on ſhipboard, and in the practice of failing. 

 THeoRETICAL NAviGATION, or the art of Piloting, concerns thoſe 
methods by which the Navigator, or Pilot, diſcovers in what track the 
thip. muſt ſteer, ſo as to arrive fave at the intended port. 

The art of Piloting is either common or proper. | 

Common P1LoTING is that knowledge which teaches how to coaſt 
along ſhore, or to ſail within ſight of land. 

PROPER PILOTING is the art of failing! to diſtant places through the 
ocean, and out of fight of land. | 

The art of proper Piloting, (which party lud that of common 
Piloting) chiefly depends on a | right application of the principles contained 
in the preceding books. 


Vor, II. „ | 5 B ö | 2, The 
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2 PLANE SAILING. Bock VII. 


2. The navigating or conducting of a ſhip through the Ocean to dif. 
tant countries, depends on the navigator's being beforehand furniſhed 
with the following elements. | „ 5 


iſt, A Table of the latitudes and longitudes of the moſt remarkable 
parts of the Sea-coaſts, Iſlands, Rocks, Shoals, &c. in the frequented 
parts of the world. N 1 


2d. Maps or Charts of the Seas and Lands; together with the depths 
of water, and the times and ſetting of the tides, upon the coaſts which he 
may have occaſion to approach. | 8 ne 4 


5 


3d. The uſe and application of ſeveral Inſtruments neceſſary to point 
out the way the ſhip is to ſteer, to meaſure the rate ſne runs at, and to 
find the place ſhe is in at any time. | 


4th. A ſufficient ſock of mathematical learning to enable him rightly 


to uſe the obſervations that may be deduced from the preceding ele- 
ments. | | | 
The latitudes and longitudes of places cannot be otherwiſe obtained, 
than from proper obſervations made by perſons who have been in thoſe 
places: conſequently, the collecting of a ſufficient number of theſe muſt 
de the work of many ages. And hence ariſes the great uncertainty of 

the poſition of many places, and even of the little knowledge we have of 


many parts on the ſurface of the Terraqueous globe, See the Geogra- 
phical Table at the end of Book VI. | | 


3. The Maps of Countries, and the Charts of the Oceans and their 
boundaries, are made chiefly from the catalogue of the latitudes and lon- 
gitudes of places. But where theſe are partly wanting, and a good col- 
lection of the poſitions and diſtances of places can be obtained, thoſe 


places may be inſerted in the map as truly as the others, the latitudes and 
longitudes of which are known. | | | | : 


The moſt natural way of delineating the ſurface of the Earth, is to do 
it on a ſphere; for then every place in the Globe, laid down by its lati- 
tude and longitude, will have the ſame poſition with reſpe&t to other. 
places, which they really have on the ſurface of the Earth. But as a 
Globe is a bulky thing, and not fo eafily managed, or worked upon, as a 
plane, therefore has the-repreſentation of the — of the Earth been 
made on planes, and theſe are called Maps or Charts. | | 


Inzn the conſtructing Maps and Charts great care ſhould be taken, 
that the ſeveral parts in them preſerve their poſition one to the other. in 
the ſame order as they do on the Earth; and it is likely, that the finding 
mu of proper methods to do this gave riſe tothe ſeveral methods of pro- 
Jec ion. F: ak | 12 


4. There are many ways of eonſtructing Maps and Charts; but they 
_ Chiefly depend on two principles. | „„ 3 | 
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left being all weſt longitude, = | 


Bock VII. PLANE SAILING. "i 
Firſt, From conſidering the Earth as a large extended flat ſurface: The 
Charts made on this ſuppoſition are uſually called PLANE CHARTS. 


Secondly, From conſidering the Earth as a ſphere : The Charts made 
on this principle are ſometimes called GLoBULAR CHARTS, or MERCA- 


HARTS, or REDUCED CHARTS, or PROJECTED CHARTS. 


Plane Charts, when made for any large extent of ſeveral degrees in 
high latitudes are very erroneous for in them the difference of longi- 
— between any two Meridians, taken at the Equator, is uſed as the 
diſtance of thoſe meridians in all latitudes; and conſequently the diſtances 
of places in high latitudes will be too great, and their due poſitions will 
not be preſerved: but Charts made for a ſmall part, as a degree or two 
in length and breadth, may be reckoned as tolerably exact, eſpecially if 
thoſe places be within the Torrid Zone; nay, a Plane Chart made of all 


chis Zone will differ but little from the truth. 


SECTION I. 


5. The Confiruttion and Uſe of the Plane Charts.” 


1 Cons rRucrroN. | 
iſt. Having determined the limits of the Chart, that is, how many de- 
grees of latitude and longitude, or meridional diſtance (they being in this 
Chart the ſame), it is to contain: Suppoſe from the lat. of 200 N. to the 


lat. of 71 N.; and from the longitude of London in © deg. to the lon. 


of 50% W.; then chuſe a ſcale of equal parts, by which the Chart may 
be contained within the ſize of the ſheet of paper on which it is intended 


each degree of latitude and longitude is ; part of an inch, 


to be drawn. In the Chart annexed, fee Pl. VII. the ſcale is ſuch, that 


2d. Make a parallelogram (II. 69) aBcp, the length of which AB from 
north to ſouth thall contain 51 degrees, the difference of latitude between 
the limits of 29” and 71*; and the breadth Ap from eaſt to weſt ſhall 
contain the propoſed 5o degrees of longitude, the degrees being taken 
from the ſaid ſcale of 8 degrees to an inch; and this parallelogram will 
de the boundaries of the Chart. | | | 


34d. About the boundaries of the Chart make (II. 81) fcales contain= 
ing the degrees, halves and quarters of degrees (if the ſcale is large 
enough); drawing lines acroſs the Chart through every 5 or 10 degrees; 
let the degrees of latitude and longitude have their reſpective numbers an- 
nexed, and the ſheet is ahen fitted to receive the places intended to be de- 
lineated thereon. „2 EDO le "ES | . 


4th. On a ſtrait flip of paſteboard, or Riff paper, let the ſcale of the 
degrees and parts of degrees of longitude, in the line: AD, be laid cloſe to 
the edge; and the diviſions numbered from. the right hand towards the 


"MS © | sth. Seek 


Ry 
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5th, Seek in the Geographical Table (at the end of Book VI.) for the 
latitudes and longitudes of the places contained within the propoſed li- 
mits ; and let them be written out in the order in which they Increaſe i in 
th. Then, to KI dawn any 8 lay the 3 of the eboard ſale | 


to the diviſions on each ſide the Chart, ſhewing the latitude of the place ; 3 


ſo that the beginning of its diviſions fall on the right hand border AR; 
and againſt the diviſion ſhewing the longitude of the given place make a 
point, and this gives the poſition of the place propoſed ; and in like man. 
ver are all the other places to be laid down. 

7th. Draw waving lines from one point to the other, ha the coaſt 


is contiguous, and thus the mee of the lands within the ner 


poſed limits will be delineated. 
8th. Write the names to the din parts, and in ſome convenient | 
Ne * a compals, and the Chart will be ee 5 


The © of the Plane Chart. 


6. To find the lat. and long. of any propoſed place in the Chart. 


Take with a pair of compaſſes the leaſt diſtance between the given 
place and ſome parallel of latitude; this diſtance applied (the ſame way) 


to the graduated meridian on the border of the Chart, keeping one point 


on the ſame parallel of latitude, the other point will ſhew the degrees of 
latitude the propoſed place is in. 

And in like manner, the diſtance between the given place and foe 
meridian, applied (the fame way) to the graduated parallel on the top or 
bottom of the Chart, will ſhew its degrees of longitude. | 

Thus the diſtance between Cape Finiſterre and the parallel of latitude 
of 1409, laid on the border from 40 upward, gives 43 15 N. for Cape 
Finiſterre's latitude: And the diſtance of the Cape from the meridian 
paſſing through 10 of longitude, being laid on the. bottom border from 
10 toward the right, gives ꝙꝰ 20' W. for the longitude, | 


7. Two places being given, ſuppoſe Cape Clear and the hand of Se, FA 
chart s, one of the Azores, to find the bearing and di Hance between them. cg 


Lay a ruler by the two places, C. Clear and St. Michael's, take the : 
neareſt diſtance between the center of the compaſs and the edge of the 
ruler ; in this poſrtiqn ſlide one point along the ruler, and the other point 
will run along the point of the. compaſs ſhewing the bearing, which in 
this caſe is 8. W.; that is, St. Michael's lies to the S. W. of C. Clear, 
or C. Clear to the N. E. of St. Michael's. | 

- The diſtance between the two places applied to the: e parallel 
hea q degrees, will give the number of degrees, which converted into 
miles ſhews their diſtance. | 
Thus the diftance from Cape Clear to St. Michael's will be found to 
be about 17* 10 * —— by bo gives 1030 miles. W 


* 


be 
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8. The diſtance ſeiled on a given courſe, and from a given place, being 


known 1 the place the Jhip. is in. Thus ſuppoſe a ſhip ſails from Cape 
| Clea r 8 » V 5 


. for 1030 miles : Required her preſent place. 


Reduce the given miles (1030) into degrees and minutes, and take them 
(17% 107% with one pair of compaſſes from the graduated ſcales. | 
Lay a ruler by the center and the given point of the compaſs (S. W.); 


take the neareſt diſtance between (Cape Clear) the place ſailed from and 


the edge of the ruler with another pair of compaſſes; in this poſition, 


lide one point along the ruler until the other point has got as far diſtant 


from the given place as is the, given diſtance,” which is found by applying 
the opening of the other pair of compaſſes from (Cape Clear) the given 
place, till the points of both pair of compaſſes meet; and that will give 
the preſent place of the-ſhip, which will be found in the latitude and lon- 
gitude of St. Michael's; and: theſe are known by Art. 6. | 

The Mariner working by the preceding precepts, will preſerve his chart 


free from a multitude of lines: But when this is not regarded (as indeed it | 


is ſcarcely worth while), the operations will become ſomewhat ſhorter. 


9. The latitude of a place (A), and its bearing from a-given place (B) 
being known ; to find the place (A] onthe chart, and its diſtance from (B). 
Through the given place s draw a line parallel to the given point of the 
compaſs or bearing; then an eaſt and weſt line drawn through the lati- 
tude of A, its interſection with the former line will give the place ſought, 


4 


The diſtance may be meaſured, as in Art. 7. 


10. The latitude of a place ( A), and its diflance from a given place ( z) 
being known; to find the place of A on the chart. . . 
Draw an eaſt and weſt line through the latitude of A; take the rue 
diſtance' in degrees from the graduated ſcale; then this diſtance being 
applied from the given place By will cut the ſaid eaſt and weſt line in the 


required place of A, 


11. The longitude of a place (a), and its diſtance from a given place (3) 


being known; 40 find the place of a on the chart. 


Draw a meridian through the longitude of A; then the given diſtance 
taken as before, and applied from B, will cut the ſaid meridian in the re- 


| quired place of A. . 


12. The longitude of a place (A), and its bearing from a given place ( 
being known ; to find A — 9 — the chart. 5 1 ( 
Through the given place B draw the given bearing. * 509? 
Draw a meridian through-the longitude of A, and its interſection with 
the ſaid bearing will be the place of a. - 1 +> 
And in this manner may every poſſible caſe of failing by the plane 
chart be readily ſolved. But as the acciiracy of theſe ' ſolutions cannot 
be depended upon nearer than five or fix minutes more or leſs than the 


truth; the more careful Navigators depend on the computations given in 


the following ſeQions, + 8 
5 = B 3 : SECTION 
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8 E CT ION wat 
0 Plaue Sailing. 


13. PLANE SAILING is the art of navigating a ſhip upon principles 
deduced from the notion of the Earth's being an extended plane. 
On this ſuppoſition, the meridians are eſteemed as parallel right lines, 
the parallels of latitude are at right angles to the meridians, the lengths 
of the degrees on the meridians, equator, and parallels of latitude, are 
every where equal; and the degrees of longitude are reckoned on the 
_ parallels of latitude as well as on the equator. | TN 


- 


14. The PI ANR CHART is a map, or:repreſentation, of the ſeveral 
parts of the Eartir lad down from thefe principles, according to their la- 
titudes and longitudes, on a ſheet of paper, or other flat ſurface, (5) 

When the parts of the Earth are thus delineated on a plane, it is eaſy 


to ſee the track by which the ſhip may go from one place to another; and 
akes with the meridian: ſhips at ſea are kept 


alſo what angle this track 
in this track, or path, by 
Compaſs, . 8 | 0 e gots on ; 
15. The MARINER's ComPass is an artificial repreſentation of the 
horizon of every place, by the means of a circular piece of paper called a 
Card, divided like the horizon into degrees and points, which are called 


e help of an inſtrument called the Mariner's 


Rhumbs. Now the card being properly fixed'tb a piece of ſteel called a 


Needle, that has 1 with a loadftone, (the property of which 
is to cauſe one end of the needle, ſo touched, to point towards the north, 


when turning 97, ld? Be ſupporting it), all the points ef the 
l 


From this. conſtruction of che 
every place the north point of the card ſhews the poſition of the meridian 
in that place; and ſome one — or point of the card, will coincide 
with, or be directed along, the track that makes any given angle with the 


card will be directed towa 70 correſponding points of the horizon. 
he 


meridian: Conſequently; by the help of the card, or compaſs, a ſhip may 


be kept on any propoſed track, or courſe, Bo: os, | 

16. A RnB LINE is a right line drawn from the center of the com- 
paſs to the horizon; and is named from the point of the horizon it falls 
wwe} of: oo ed | 

17. The CoursE is an angle which the Rhumb line the ſhip fails 
on makes with the meridian, and it is fometimes reckoned in degrees, 
and ſometimes in points of the compaſs. | | 

18. DisTANCE is the number of leagues, miles, &c.. intercepted be- 


* 


tween two places reckoned on a Rhumb; or it is the way or length a 


ſhip has gone on a direct courſe in a given time: > 
19, DIFFERENCE of LATITUDE is the diſtance which a ſhip has 


Mariner's Compaſs it follows, that in 


made north or ſouth of the place ſhe fet out from; and it is reckoned in 


miles and parts of a mile on a meridian, , gag. 

| 20. DEPARTURE is the eaſt or weſt diſtance which a ſhip has made 

from the meridian of the place ſhe departed from, reckoned on the pa- 
rallel of latitude which ſhe is arrived in, and in the plane chart it is the 


a 


ame as the difference of longitude, 


— — rr ni 
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21. If a dip ſails either due 3 or ſouth, hs fails e on a meridian, 


makes no departure, and her diſtance and difference of latitude are the 
_ ſame. . 


If a ſhip fails either due eaſt or weſt, ſhe runs on a parallel of latitude, 
makes no difference of latitude, and her departure and diſtance are the 


ſame. 


The difference of latitude and departure always make the legs of a 
right-angled triangle, the hypothenuſe of which is the diſtance the ſhip 
has failed. _ | 

When the courſe -is 4.5 degrees, or 4 points, the difference of latitude 


and departure are equal. 


| When the courſe is leſs than 45 degrees, or 4 points, the difference of 
latitude i is greater than the departure. _ 

But when the courſe is ue than 4 points, or 45 degrees, the de- | 
parture is greater than the difference of latitude, 

22. When a figure relating to a ſhip's courſe is to bz conſtructed, it 
muſt firſt be es whether the his is failing northward or ſouth- 
ward; and whether ſhe goes to the eaſtward or weſtward of the place 


ſhe  Geparted from; for the lines in the figure muſt be drawn accord- 


ing 
us, Let the upper part of the paper, or what the figure is drawn 
on, always repreſent the north, then the lower part will de ſouth, the - 


right hand fide eaſt, and the left hand fide the welt. WP 


Draw a north and ſouth line to expreſs the m idian of 24 glace the 
ſhip ſails from; then if the courſe is to the fouthward, mark the upper 
end of the line for the place ſailed from; but if the courſe | is northward, 
mark the lower end for that place. 

Through the point ſailed from draw a line „ to the meri- 
dian to repreſent the parellel of latitude of that place; and from the ſame 
point, with the chord of 60 degrees, deſcribe a quadrantal arc on the eaſt 
ſide of the meridian, if the courſe i is eaſtward, or on the weſt ſide, if the 


courſe is to the weſtward. 


When the courſe is given, the chord of the degrees, or points ex- 


preſſing it, is to be taken with a pair of compaſles, either from the ſcale” 


of chords or of rhumbs *: and is always to be laid off on the quadrantal 
arc, beginning at the meridian. 


The line expreſſing the diſtance the ſhip has run, is alweys to be drawn 


from the center of the quadrant, or poiee ſailed from, through that point 


of its arc which limits the courſe. . 

The difference of latitude, in leagues or miles, taken with the compaſſes 
from a ſcale of equal parts, is ever to be laid on the meridian, reckoning 
from the center of the 3 


— * — — — 
— a — — — — * — - " — —_— 


*A 3 or arc of op being divided into eight 2 arts, and 
each of theſe into quarters; then if from one end of the arc the ſeveral di- 
viſions be transferred to the chord of 90%, as in Book III. Art. 18. a line of 
rhumbs is conſtructed, the uſe of which is the ſame as that of the chords, 
— » to make an angle whoſe meaſure is given in points inſtead of de- 


B 4 „ 


* 


TL r come to; then AH repreſents the paral- 


of the latitude arrived in: So that Ap be- 


is the courſe, and the angle DCA is the com- 
—A . 88 
Theſe particulars will be alike repreſented, 


latitude; departure, and diſtance, form the ſides 


found in the column marked Diſt. next the margin of the page. 


departure found to thoſe parts of the di 


courſe, HI its tangent, and Al its ſecant. 


3 PLANE SAILING, Book VII. 
The departure is a right line parallel to the eaſt and welt line before 


drawn, joining the ends of the lines expreſſing the diſtance and difference 5 


of latitude, | | 2 op al 
23. In the annexed figure, ſuppoſe the circle FHrH to repreſent the 

horizon of the place A, from , whence the ſhip 4 

ſ:ils; Ac the rhumb ſhe ſails on, and c the C D RES," 


el of latitude ſhe failed from, cc the parallel 1N 


comes the difference of latitude, Dc the de- 
parture, ' AC the diſtance ſailed, the angle DAC 


whether the ſhip fails in the N. E. or N. W. 
S. E. or S. W. quarter of the horizon. 
Hence it is evident, that the difference of 


of a right- angle triangle, whoſe angles are the N 2 
courſe, its complement and the right-angle, 6 5 —2 
whoſe fine is radius; therefore among theſe - : 

four things, courſe, diſtance, diff. lat. and departure, any two of them 


being given, the reſt are to be found by plane trigonometry. 


24. | i 7 raverſe Table. 


For the ready working of any ſingle courſe, there is a table, called the 


Traverſe Table, uſually annexed to Treatiſes of this kind; which is ſa 


contrived, that by finding in it the given courſe and a diſtance not ex- 
ceeding 100 miles, the diff. lat. and departure is had by inſpection. The 
courſe is to be found at the top of the table, when under 4 points, or 45 - 
deg. ; but at the bottom of the table when it exceeds 45 deg. ' Each 
column ſigned with a courſe conſiſts of two parts, orie for the diff, lat., 
marked Lat.: the other for the departure, marked Dep.; which names 
are both at the top and bottom of theſe columns. The diſtance is to be 


This table &ill ſerve for greater diſtances, by taking their halves, thirds, 
fourths, c. and doubling, tripling, eee Sc. the diff. lat. and 
ance. 6 | 

The traverſe table contained in this Treatiſe, at the end of Book VII. - 
has the diſtances continued to 120, which is a number more capable of 
ſubdiviſions than 100: Befides, the table is divided into two parts; the 


| firſt contains the whole points and quarter points in a quadrant; and the. 


ſecond part is fitted to every degree and quarter of a degree in the qua- 
drant; whence the courſe and diſtance, reſulting from a day's work, is 
more accurately obtained than by the common traverſe tables. | 
25. All the proportions that can ariſe in plane failing are exhibited in 
the following table ; they refer to the preceding figure, where ax, AF, or 
AH repreſent the radius of the tables, EB the ſine of the courſe, Gr its tan- 
gent, and Ac its ſecant; AZ ſtands for the fine of the complement of the 


*. 


=: | Theſe. 


2 


W 
* 
* * 


1 
* 


L Courſe & Biff. lat.. Rad.: Diſt.:: Cof. Cou. : Diff. lat. NI. 


Book Win PLANE SATIN 5 


Thbeſe proportions are here inſerted, to exerciſe the learner in reaſon- 
Ing on the relations ſubſiſting between theſe lines and thoſe repreſenting 


the diſtance, departure, and difference of latitude; but in what follows, 


only the analogies in the firſt column, and one, againft the laſt caſe in 


the ſecond column, will be uſed; the others being rather matters of cu- 


rioſity than uſe. 


ſc Given Req. Solutions by ſines "Solutions by tangents and ſecants } 


—— 


14— | Pom y fim. A Ane, an by ſim. A ADCAFG|by ſim. aut 


F AE: AB:: Ac: Ana: Ar: AC: Ab [al: H:: AC: ADJ 
ö 88 | DC ABE: EB :: Ac: DCAG:FG:: Ac: DC|AI:AH:: AC: 5 
2 7 AC AB: AB:: AD: Acer: A0: : AD; AC[IH: Al: : AD: AC 
2 LH Ap AB: BE:: Ap: car: ro: : AD: SchH: Au: : 4D: 5 
pd e fn An:: DAN AG:: DC: Ac Ak: Al: DC: A 
3 AD BE: AB:: Dc: AprO: AF :;DC:ADjAH; HI:: Dc: An 
1 * Ac: Ap: : AE: ABAD; Ac: : AF: A0 = 
4 Ab, AC A ; a 2 A .. G. ; p uf : * 
r 2; AD BO 
N pe AAC: DS:: AE: EEE „ ee 
5 AC, PC ap [AE : AB: : Ac: 4 928 AH: HI: : DC: AD] 
6 An, ve £3 ep: DC:: Ar: FGDC2:AD:: AH: HI 
. Ar: AC:: Ap: AC[AH: Al: : DC: ac| 


26. To aſſiſt the. learner, the proportions hereafter uſed are given in their 
nautical terms. e EEE * 


Cue Given [Required] "S0CLU Fro s. 


7 giſtance Depart. Rad.: DiRt. : : fin. Cov. : Depart. 5 Ne II. 


Courſe Diſtance Coſ. Tou. : Diff. lat.:: Rad. : Difance. NS III. 


2 Biff. lat Depart. Coſ. Cou.: Diff. lat.:: fin. Cou.: Depart. or by N*IIÞ 


Courſe Diſtance Sin. Cou.: Depart. ::: Rad. : Biſt. Ns V. 
3 Depart. Diff. lat. Sin. Cou. : Depart. : : Coſ. Cou.: Diff. lat. or by N I. 
Diſtance Courſe Diſt. : Rad. :: Diff. lat.: Col. Tou. N* VII 
+ Diff. lat. Depart. Rad. : Diſt. :; fin. Cou. :Depart. by No II 
71 Diſtance|Courſe Diſt. : Rad. :: Depart. : fin Cou. N* IX. 
6 


[Depart. Diff. lat. Rad. : Diſt. :: Cof.Cou.: Diff. lat. by Ne 1. 
Diff. lat.|Courſe Diff. lat.: Depart.:: Rad. : tan. Cou. N XI 
' {Depart. |Diſtance Sin. Cou.: Depart. :: Rad.: Diſt, by Ne V 


Y 


G 
. 


| Theſe proportions (or Canons as they are uſually called b Mariners) | 
are applied to the numeral ſolutions of all the varieties of ſighs courſes in 


the following ſection. | en e 
The numbers I, II, &c. placed at the end of theſe Canons, ſhew which 


Proportion they refer to in the upper table; reckoning two in each caſe, 


— 
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27. A Tax of the angles, which ray rhumb, or poiat of the, 
compaſs, makes with the meridian. 


: rr. STI. Poms] P. II. 5 Pr. 
— — — — — — —— 
o 2 2: <9 4 -=-44 
„„ 3 372 — . | 
| 3 | FT 
N. b E. 8. b. E. 1 O0 [II 15 [N. b. W. S. b. W. 
— — _— — * _ — | — 
| n 14: 04:4 -* | 
| 1 2 16 524 | 
1 # Wks 19 41 | 
N. E. s. S. E. 2 o| 22 30 N. N. W. 8. S. W. 
n wo | 3 4s 
i | 2 + 28 072 
[T8371 30 $0 
E. b N. |S. E. b. S. 3 © | 33 45 N. W. b. N. S. W. b. S 
3 : 36 24 ö | | 
S. £ 2 2211 | RX 1 
” - 11 | 
E. S. E. 4 45 O N. W 
*. ee 
4 2 50 372 * 
WE. 7+ £] 533. | 
N. E. b. E. S. E. b. E. 5 o 56 15 N. w. b. w. 8. w. b. w 
15 | N 
| [om | 5 E| 6x $2} | 
| | | 2-þ8 + | 04 41 
2 E. N. E. E. 8. E. 067 ᷣ 30 W. N. W. W. 8. W. 
7 8 ; 6 + 00" "aq 1-7 TEL 
* E. b N. E b . 7 O 78 45 ; W. b. N. W. b. S. 
# 1 7 7 34 þ 
| 7 x | 84 222 | 
ll | / 4 „„ 
9 | EAST: EAST. 0 . oo WEST. WEST. 
i Before the learner begins to work the caſes of plane failing, he mould 
1 be fo well acquainted with the compaſs, or this table, as to be able readily 
1 to tell how many points any of theſe courſes or rhumbs are n from 


| | the meridian, or from the ck 5 

| 5 1. SECTION 
| 
| 
' 


its column, 
Thus the courſe is 8. W. by S. or 3 points, in which column, and 


againſt the diſtances 98 in the * of diſtances, ſtand 5258 miles for 


And 55 the W meaſures about 534,4 miles. B 


Ks * ; * W 1,91 108 


Numb. 


transferred from the ſcales of log, fines and log. K 


Bock VII. PLANE SAILING. ue 


S E Cr ION I 
Of * e, 


25. Cart I. Given the courſe ſt and the diftance run: 
Required the Aifßeren of latitude and departure. 


Ex AV. A ſhip from the latitude 47® O' N. bas 7 5 S. N. ys 8 * | 
miles: : What lat. is ſhe in, and what dep. has ſhe 


By the TRAVERSE 2 


Find the given courſe at the top or bottom of the table among the 
points or degrees ; and in that column, right againſt the diftance taken in 
fand t the diff. lat. and oy in their columns. 


the diff. lat; * 54,45 miles for the departure. 


By Coxs TAU T ION. (22) 
1. Draw the meridian AD, and make the quadrant 


2. Make mc=rhumb of 3 points, and through « c draw 
AB equal to 98 miles. 

3. Draw Bp parallel to pA, meeting AD in D. 

Then amy the diff, lat. meaſures about 812 miles. 


By COMPUTATION... 


The courſs being 3 points =33® 45's The comp. courſe is opts. = = 560 15 
To find the 2 , { To find the departure. | 
As rad. \="90* oo 10,00800 As rad, = 90 oo 10,00000 


To -; 113 981 m. 199123 To diſt. 98 m. 1.99123 


So co- . co. = 33% 45 9.91985 8o ſin. co, = 33? 45 974474 


To dep. = 3 123827 


Ee dart 


By GunTzR's SCALE. 


On the line of fine Rhumbs *, the extent from Radius, or 8 points, 1 


3 points, applied to the line of numbers, will reach from 98, in either in- 
terval, to 54,4. 


And the extent from 8 points, to 5; points among the Rhumbs, reaches 


from 98 to 81,5 on the line of numbers. 
Or thus. The extent from Radius, or 8 points, in the 8. R. to 8 f in 


the Numb. will reach from 3 points in the Rhumbs to 54,4 in the Numb. 


and the ſame extent will reach from 5 points in the Nh. to 81,5 in the 


3 The lat. from 4% ze N. 
Os if. lat. , 218. 


8 Lat. in 46 9 N. Dep. 54,4 1 Weſt, 


= The lines on the Gunter's ſcale marked S. R. and T. R. ügnifying Sine 
Rbumbs and Tangent Rhumbs, are the logarithmic fines and tangents anſwe ur. 
to the degrees and minutes in each point and quarter point of the Com 


— 


29. Cat 


2 
7 
? 
: 
1 


1 FI AN E 81 L. ING. Book N ü 
a cla U. Given the courſe ſteered, and difference 2 latitude : 4 5 
SEA | 1 Required che ne run, and tho ee 1 


- 


Exam. 4 ſhip has ſailed 8. E. Y. from the lat. 47 300 N. 1 -the 
lat. 46* 08' N. Wet . bas oy ond und what departure . He 
— | mude? ; | f 12 * 


— Nr 
5 1 5 - 
e 9 33 8; 0 
e OR SES RE 4. 
PR . 9 . * 


+ 
+ 8 


By the Travers: 141k. 


Find the courſe among the degrees, and the diff. lat. in its s call 
5 an againſt which ſtand the departure and diſtance 3 in their, columns. 
1 Now taking. 46* 08 from 47 30', remains 10 22'= 827 m. the diff. 


Then the coutt 8. E. b. S: is 3 points, under which] in the column of 8 
lat. the neareſt number to 82 i is 82,3) the correſponding departure is 55> ö 


and the diſtance 99 miles. V a 
„ — FA : 
By ConsrRUCTION. 5 
iſt. Deſcribe the quadrant Amc p. | 
2d, Make mc=rhumb of 3 points, and continue | 
Am till aD=82 miles. - 
3d. Through p draw pn parallel to Aß, meeting 
the line AB drawn 2 c in the point 1 
Then the diſtance AB meaſures about 99 miles. 
** the A DB n about 5 5 miles. 
3 5 | | þ 5 By Courvrarion. 
I. . Tue courſe 3 points "x The comp. courſe i is 5 pts.= 360 1 5 
4 To find the diſtanec. Io find the departure. 
> A c- . co. = 33* 45 9 As co-ſ. co. = 33% 45 , 6801 f 
5 I᷑0o diff. lat. 82 m. 1,91381 | To diff. lat. = 82 m. 1.91381 
> 1 | So... =gred 10,00000. So fin. co. = 33˙ 45' 974474 
.F To diſt. oy 62 199396 _ — = 5479. 153870 
10 By GunT EA“ i 
A Yo On che line of fine rhumbs, the extent from 5 points to 8 points, or 


| 
8 . radius, will, on the line of numbers, reach from 82 to 99. 
| 


And the extent from 5 points to 3 points on the S. R. al kh from 
82 to 55 on the line of numbers. : 


| Or thus. The extent from 5 points i in the fine chumbs; to 82 miles i in 
1 the line of numbers, will reach from 8 points in thoſe chumbs, to 99 in the 


numbers; and the ſame extent will reach from 3 poitits in the rhumbs ta 
55 in the numbers, 


Note. In all theſe caſes, wherever the . courſe i is uſed, the deg; put 
nes is the courſe itſelf, Y the log. belongs to a comp. of that courſe. 


30. C 


S ß 


2d. Make me = rhumb of 5 points, and continue 5 


3d. Through 5 draw bs parallel to am, meeting 


e PLANE sATEIN G. e 


30. Case III. PR the courſe ſteered, a hn departure: 
Tre) Required. the diſt. run, and diff, latitude. | 


Exax. A gif from lat. 4, 30. N. ſailing N. V. b: W. finks fhe has 


made. $2 n e _ = 


now in? 


gz 


By the 13 Tim e 


Find the courſe among the degrees, and the departure in 1 column : 


right againſt which ſtand the ö of Jatitude, and the diftance. in 


their: reſpective columns. 
No the courſe N, W. b. W. is 5 points, over which, i in the column 


of departure, the neareſt number to 82, is 82,3; and the correſ 
diff. latitude'is 55 miles, and the diſtance is 99 miles. —_ 


By ConsTauc Tt 
Iſt. Deſeribe the quadrantal arc Amcp. 


Ap till ab=82 miles. 


the. line AB Gow through c, in 34. 4 ; 
Ath. Through draw Bo parallel to bay meeting 3%; 17 ty 
AM continued, n D. e 


Then the diſtance AB meaſures about 99 miles. 
And the diff. lat. AD meaſures about 55 miles. 


By ComPpuUTATION. 


The courſes 5 VE. 0 is 569 is The comp. . courſe. is 3 pen 33* 45%. 
To find the diſtance. | | To find the diff, latitude, 5 
As fin, . N 1 0,08015' Ay fin. . 1, o, 8015 
To deep, 83s m. 191381 To dep. = 82m. _ 91381 
80 rad. = go? oo' | 10,00000 | So co-f. co. = 5657 9974474 
To dit, = = 98,62 - * 1, 99396 To dif, lat. 54979 73870 


4 Groans > os : « , 6 . ws \ 


By GunTER's Scat; 7: 3 5 


On the line of fine rhumbs, the extent from 5 points to 8 points, or 
radius, will, on the line of numbers, reach from 82 to 99. 
And the extent from 5 points to 3 points on the line 8. R. will reach 


from 82.to 55 on the line of numbers. 
Or thus. The extent from 5 points in the ſine Highs to 82 aids 
in the lin of numbers, will reach from 8 points in the rhumbs to 99 in 


the numbers: And the ſame 905 2 reach re 3 Nen the 


cake ee The: numbers. AEST 
Lat. from 4% 30 N. 1 REY nail N 97 
nnen 18 in,, oil tld ring 
— _——— i & 5 df 5 5 
R. Fe. ³˙ ä 86 


1 * LF 5 « Co E wii, 


A 
» : 4 4 8 
= 
p . - 
4 
9 1 N * 8 * \ — 4 
* p 0 g 
a . = 3 
a * - 
E * 


„ PLANE SAILING, Book Vile 
37. Casz IV. Given the diſtance and difference of latitulee 


N. ſails between the north and eaft 98 
miles, and is arrived. in lat. 48 42 N. What courſe aid ſbe fleer, and 


bottom. | | | 
* having taken 47 200 from 48 42', leaves 1* 22282 m. the 
Ht. lat. | | - + | t . 8 
Then ſeeking till againſt diſt. 98 ſtands lat. 82, the neareſt will be 
Kt. 81,95, and here the departure is 53, 73 m. and the courſe is 33 1 LY) 


4 1 
: — — e 


. By Cons TRUCTION 
ut. Deſcribe the quadrant Amp. 
ad. Continue An, till aDv=82 m. 2525 OY 
3d. Through Þ draw Ds parallel to ap. -  _® 
4th. On A with the diſtance 98 cut DB in 8. 
Then the departure DB meaſures about 53 m. 


| And the courſe DAB is meaſured by the arc mc of 3 
1 | | about 33. | Ec res 


* 8 * Fo 
F BV CoMPUTATION. 
To find the courſe, _ , | To find the departure. 
As dit. S 98 m. 8,0857 As rad. = go% of 10,66000 
To rad. = govodY 10, oooo0 To diſt. 299 m. ; 1,99123 
So diff. lat. = 82 m. 1,91381 | So fin, co. = 33˙ 12 9,7 3843 
Io co- . co. = 33? inf - 9.92258 mY dep... end © 1,72966 


By GunTer's SCALE, #5 


On the line of numbers, the extent from 98 m. to 82 m. will, on the 
line of fines, reach from -go, or radius, to about 57 degree. 
And the extent on the line of ſines, from-go* to 33*, will reach on the 
- lneof numbers from 98 m. to about 337 ail r 
Or thus. The extent from 98 m. in the line of numbers, to 90 in 
the line of ſines, will reach from 82 m. in the numbers to about 57 in 
the fines: And the ſame extent will reach from about 337 in the ſines, to 
about 531 in the numbers. 5 
So that the courſe is N. 33 12 E. or N. E. b. N. nearly. 
And the departure is N. 53,66 miles to the Eaſtward. 


— 


— 


32. Cass 5 
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32, Cas V. Given the diſtance and departure 
= | Required the courſe; and difference of latitude, 


| EXAM» From the lat 0 13 N. a hip, in failing between the ſouth and 

eaſt o8 miles, makes pe err 82 miles: What courſe did ſhe keep, and 

what lat. is ſhe arrived at? | Sp | 
By the TRAVERSE TABLE. -- 

Seek in the table, till againſt the diſtance, taken in its column, be 


0 found the given departure in one of the following columns, and adjoin- 
7 ing to it ſtands the diff. lat. which if greater than the departure, the 
2 courſe is found at the top of the column; but if leſs, the courſe is found 
- at the bottom. 5 4 5 
e Now ſeeking till againſt the diſt. 98 ſtands 82, the neareſt will be 
81,95, ſigned Dep. at bottom; and here the diff. lat. is 53, 73 m. and 
e the courſe is 56* 45”. e . | 
RO By ConsTRUCTION. 
1ſt, Deſcribe the quadrant mc. PE To 
2d. Continue Ap, till ab=82 m.; and through — AK 
b draw bB parallel to Am. ce : . 
: 3d. From A with the diſt. 98 m. cut os in BB 1 
4th. Through B draw BD parallel to Ab, meeting „ * 
Am continued, in 5. . 3 
Then the diff. lat, Ap meaſures about 53 miles. NE 
And the courſe DAB is meaſured by the arc mc of about 57%, 
| By ComPUuTATION. 
. To find the courſe, - | To find the diff, lat. | 
* As diſt. = 98 m. 8.0087 | As rad. - = 90 O 10,00000 
8 To rad. E 9oꝰ o -— 10,00000 | To diſt. = 98 m. 1,99123 
So dep. r 1.91381 So co- ſ. co. = 56˙ 48“ 9, 73843 
ö Io fin, „ 8 56 48' 9092258 To diff. lat. * 366 1,7 296 
Ws Then 50 13 N. o 54 N.=49* 19 N. For 5366 m. is neareſt 5 4. | 
: | By GunTzr's Scalt | 
* On the line of numbers, the extent from 98 m. to 82 m. will, on the 
| MM line of fines, reach from go?, or radius, to about 57 degrees. 
] | And the extent on the line of fines, from go*® to 33 will reach from 
—_ 98 m. to about 531 m. on the line of number. 
i Or thus. The extent from 98 m. in the line of numbers to 90* in the 
line of ſines, will reach from 82 m. in the numbers, to about 57 in the 
| lines: And the ſame extent will reach from about 33* in the lines, to 
7 about 532 m. in the numbers. ; * 
So that the courſe is S. 56% 48' E. or 8. E. b. E. nearly. 
And the latitude arrived in is 4919 NN. L 
r n Is 33. CASB 


1 


Acer, and what is the direct diflance ſhe has run? 


xſt. Deſcribe the quadrant amcp, and continue 
2d. Through v draw BD parallel to ap, and equal 


| Then the diſtance AB meaſures about 98 miles. 


6 PLANE SAILING. Bock VII. 
33. CAsxk VI. Given the difference of latitude and departure: | 
NT Required the courſe and diſtance. 


Exam. A ſhip from lat. 48* 32“ N. is arrived in lat. 49% f NM. and is 
got 54 miles ts the weſtward £4 her departed meridian What. gourſe did ſhe 


By the TRAvEeRsE TABLE. 
Seek in the table till the given diff. lat. and departure are found to- 


gether in their reſpective columns: then right againſt them will be found 


the diſtance in its column, and the courſe ſtands among the degrees at 
the top or bottom of the column, where the diff. lat. and depart. were 


: Now 48? 32/ taken from 49? 54/, leave 10 22/ dz m. the diff. lat. 
Then in the table it will be found, that the numbers ſtanding together 


the neareſt to 82 and 54, are 81,95 and 53,73 ; the diſtance anſwering 
to theſe is 98 m. and the courſe is 33" 15. e | 


By Cons TRUCTION: 
Am till av=82 m. | 


to 54 miles, and draw AB. 


And the courſe DAB is meaſured by the arc mc of 


about 33'. | 8 2j 4 
By COMPUTATION. 

Jo find the courſe. | 4 | To find the diſtance. 

As dif. lat. = 82 m. 3, 08619 As fin, co. = 33* 22 - 0,25064 
To depart. '=54m. 1,73239| To depart. = 54m. 1,73239 
So rad. | = 9oꝰ o 10,00000 | So rad. = go® o 10,0c000 
To tan. co. = 33,22  9,818;8 To diſt. = 98, 18 1,99203 

. 


By GuNTER's SCALE. 
On the line of numbers, the extent from 82 m. to 54 m. will reach on 
the line of tangents from 45? to about 33˙ Cs 1 
And the extent on the line of fines, from about 33® to 90° will reach. 
on the line of numbers from 54 m. to about 8 m. 
Or thus. The extent from 82 on the line of numbers to 45 in the 


line of tangents, will reach from 54. in the line of numbers, to about 33* 


in the line of tangents. | | ; 
Alſo, the extent from about 33? in the fines to 54 in the numbers, will 


reach from go? in the fines to about 98m. in the numbers. 


So the courſe is N. 33* 22 W. or N. W. b. N. nearly. 
And the diſtance is 98,18 miles. 22 


34. Ne- 


* 
* 
* 
0 
* 


il 


le- 


iſt, Draw the meridian ap, and deſcribe the qua- 


| 3d. On the rhumb line lay the diſtance from. A to . 


N As dift. 


To coſ. co. | = 43% 20 = 9,80170 To dep. * 90,58 5 


Bock VII. PLANE SAILING. | * 


34. Queſtions to exerciſe the foregoing Caſes. 


Quesr. I. Four days ago we were in lat. 3 25 S.; and have ſince that 


time run on adireci courſe NM. by N. at the rate of 8 miles an bour : Re- 
guired our ſent latitude and departure? 


One day=24 hours: Then 24 * 4=96 hours, 
And 96 * 8 2768 miles, the whole diſtance. 


ConsTRUCTION. 


drant Amp. 


2d. Lay off the courſe 3 points from m to c, and draw 
the rhumb line AB. 


B, and draw DB n to p A. 
| 5 CoMPUTATION. 


As rad. = 90 of 10,00000 | As rad. - 10,00000 
To diſt, _ =768 m. 28,885 36 To diſt. = goo 3 m. 2,88536 
So coſ. co. = 33%45 9.91985 | So fin. co. = 33 45 9,7 4474 
To diff, lat. 638,6 m. 2, 80521 To dep. 2426, m. 2, 63010 

639 5 VP? hen lat. from 3 25'S. 
_ 60 © 105 39 | „ al. lat. 10 39 N. 
Anſwer, Lat. in 14 N. 


c Depart. 3 miles. Je 
Quin: Ir Yeſterday noon we were in lat. 38 32/ N.; and this as at 


noon we were in lat. 36* 56/ M. we have run on a direct courſe between the 
S. and E. 5 knots * an hour: Reguired our courſe and departure 9 


Lat. from 380 32'N. 24 hours. ,- 
Lat. in 36 56N. | 5, $=5E © 2 
-Diſt,=132,0 m. 
D 


Cors r. Deſcribe the quadrant Amp: draw the W ab 96, 


and draw DB parallel to Ap with 132 m. from A, cut DB in B. 


= COMPUTATION. 


= 132 m. 7.87043 As rad. = 90” 0o' 10,00000 
To fad. go oo. 235885 „ 2, 2057 
So diff. lat. = = 43* 20 9.836 


96 m. 1,8227 ln ſin. co. 


— . ͤů— —u—⅛᷑ 


Courſe is S. 430 200 E. or SE. by S. 4 E. nearly. 
Anſwer er Departure 90,58 miles to the Eaſbvard, 


tn. 


— 
a 


— 


A knotisthe ſame as. a ſea mile, 60 to a degree. 
V OL, II, | : C | QUEST. 


ww PLANE SAILING. Book VIE. 


Qeksr. III. 4 2 in lat. 3 52“ S. is bound to a port bearing NW. by 
V. z ll in lat. 4 930 N. How far does that PO pals to the IS 
and what is the ſhip's diſtance from it? 


Lat. from 3628. 
Lat. to 4 30 N 


* 4 — - 


93 Þ 
2 


Diff. lat. 8 22=502 miles. 7 .—.— 


Cons r. Deſcribe the quadrant a mp: Draw the meridian Ap 502, 
and through D draw DB parallel to Ap: make mc= 51 points: Through 
c draw AB meeting DB in B. 


CoMPHPUTAT ION. . 
6152“ o, 32650 


As coſ. co. = 6152 o, 32650 As coſ. co. = 

Jo diff. lat. = 502 m. 2, 20% To diff. lat. == 502 m, 2, 0070 
So rad. 9 oO ooo | 8 So fin. . == S150 9,94540 
To diſt. = 1065 — To dep. = 938, 9 2.97260 


The port lies 938,9 m. to the watt 
Anſwer The direct ä is 1065. | | 


Quesr. IV. 4 ſhip from lat. 30* 14' N. fails SE. by B. 3 LE.; and 


four days after meets a floop who had ſailed direftly eaſt at the rate of 6 miles 


an hour, ſhe having been, 2 days before, under the meridian the fhip de- 
arted from: Required t ference of their rates of ſailing, and their 


preſent latitude? 


As the ſhip and ſloop failed from the ſame meri- 
dia, and the ſloop runs directly eaſt; therefore 
ber diſtance will be the ſhip's departure. 

Now in 4 days are 96 hours. 

And 9b x 6=576 miles of departure. 


Coxsr. Deſcribe the quadrant Am p. 
Tn Ap continued take a b=$576, and draw b B parallel to Am. 
Make mc 5 points, and through c draw Ac, meeting ô B in B. 
Through B draw BD parallel to þ A meeting Am continued in v. 


5 Co MPU TATTION. 8 5 
As fin. co. == 6152“ C6, of 466 As fin. co. 61° 62 o, 05460 


To dep. S 576m. 2,76042| To dep. = 576 m, 2,76042 
So rad. = 90 oof 10,00000| So col, co, = 61® 52 9,673 50 
Now 653,2 (6, FT m. per hour the | And 1 60 3 lat. fr. 30% 1 17 N. 
88 PIP (ſhip's rate. —— diff. lat. 5 of 8. 
92 „„ 
ee 5 — Lat. in 25 06 


Wo the differetice of their rates of failing i is To or of a mile per hour. 
1 | E enen 
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6 ues. V. A ſhip from the lat. 48* 17! M. ſails S. bj H. until ſhe 
925 ha — the north pale two degrees: What dire diſtance has ſbe rum, 
= and how many miles is e got to the weſtward? | 


| To depreſs the pole two degrees, the ſhip muſt 
fail ſouthward until her diff; lat. is 2 degrees, or 120 
A miles. . 5 


K 


7 Cors r. iſt, Draw Ap diff. lat. 120 m. - 1 
8 2d. Deſcribe the quadrant Amp, and make mc=3 
points. f 5 0 
zd. Through c draw As, meeting DB, drawn through 
D, parallel to Ap. | | 
650 „W | _ 
070 CoMPUTATION. I; 1 
540 As coſ. co. = 33e 45 o, 8015 As col, co. = 33˙455 0,0801 f 
— To diff. lat. = 120m. 2,07913| To diff. lat. = 120m. - 2,0791 
260 Sorad, 90 o 10,00000 | So fin, co. = 3345 9.74474 
| To diſt, ==. 144,3 2,15933|To dep. = $0,18 1,90407 


Ship has run 144,3 miles. | 
Anſwer Land has got to the weſtward 80, 18 miles. 


and 
es SR | 5 
n Quxsr. VI. Two ports lie under the ſame meridian, one in latitude 52. 


30 / N. and the other in latitude 47% 10 M. A ſhip from the ſouthernmoſt 
ails due eaſt ꝙ knots an hour, and two days after meets a floop that has 
ailed from the northernmoſt port: Required the floods direct courſe and diſ- 


tance run ? 


Here the diſtance which the ſhip fails eaſt is the 4... 
loop's departure. e 

Now 2 days 48 hours. 

Then 48 x 9=432 m. departure. 


Sloop's lat. 52* 300 N. . 

Ship's lat. 47 10 N. | D 

Diff. lac. 5  go0=320 m; 
6460 | Consr. In the meridian, take ap for the diff. lat. 320 m. and per- 
76042 pendicular to AD draw the departure ÞB=4.32 m. and draw the diſtante 


AB. 5 


48892 VV CoMPUTATION, | | 

— dif. lat. = 320 m.  7,49485| As fin. co. = 53e 27 0,09c0t 
14 N. o depart. 432 m. 2,635 48 Te depart, = ** m. cel | 
08 5. V rad. = 90 of 10,00000| So rad, = oO 0o' 10,00000 
o6 o tan. co, == 53 28 10,13033| To diſt. * 537.6 2,73049 
r. Anſwer 122 has ſailed 8. 53? 28% E. Or E. 2 E. : 
VEST: And has run 587-6 miles. | : 3 

+ Ss "WY QUEST; 


——— 


— 
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Quesr. VII. 4 ſhip from a port in latitude 38 25/ f. TY between the 
S. and IF at the rate of 7+ knots an hour ; three days after meets a ſloop, 
who two days before had ſailed from a port under the. ſame meridian which 


the ſhip departed from, and kept on a weſt courſe 8 miles an hour : Required 
the ſhip's direct courſe and preſent latitude ® 1 287 N 


rr 


e 
„ eee . "B24 T0007” 
* 7 > {4 . TS + 2 1 = « 2 oy 75 4A 7 X 8 8 1 7 4. 9 „ 


Now 3 days is 72 hours, which, at 72 knots an 5 


hour, makes 540 miles for the ſhips run, . - 2 33 
And 2 days is 48 hours, which, at 8 knots an hour, 2 
makes 384 miles for the ſloop's run, and is equal 3 \ 
| "4 


to the weſting, or departure of the ſhip. | tl 


Coxs r. Having deſcribed the quadrant Am " 
make ab=384; from A, with 540, cut bs pa- B 
ralle] to AD, in Bz draw AB, and BD parallel to Ap. | 


| CoMPUTATION: 
As Aiſt. 


And (38925 ＋ 6 20'=) 44 45' 8. Aniver Preſent lati:ude is 44 45” S, 


F = 540m. 7,26761|As rad. = 900 o 10,0000 
b To rad. = 9g0* 0 10,00000| To diſt, "= 840m. 2, 73230 
1 So depart. = 384m. 2,8433 So coſ. co. = 459 20 9,84694 
0 ro fine co. = 459 207 9,85 194 10 diff. lat. = 379.6 25793; 
| 6,0) 38,0(6® 20 Courſe S. 45 20 W. or SW. 


Quesr. VIII. A brig from a port in latitude 28 38“ M. ſails due M 
at the rate of 8 knots an hour; after three days ſhe meets a ſhip who had 
run due MW. 342 miles from a port 3o leagues to the eaſtward 1 the meri- 
dian that the brig' r .crew thought themſelves under; who alſo found, they bai 
not increaſed their latitude ſo much by 24 leagues as by their account: Re. 
guired the true courſe and diſtance the brig has made? 1 


* „ 

4 Now 8Zkvots an hour for 3 days, is 612 miles for : 
1 a the brig's apparent northing; from which taking 3 
4 24 leagues, or 72 m. her error in account, there 


| remain 540 miles for her true diff. lat. — 
| And as the ſhip's departcd meridian is 30 leagues, or 90 

1 | railes to the eaſtward of the brig's; theſe go m. ; 

| | being taken from 342, leave 252 m. for the welt= wt... A 
| 


ing from the brig's meridian, | Ee 
So that the brig having made 540 m. northing, and 252 m. weſting ; ll. 
her courſe and diſtance, found by the 6th caſe (33), will be 
it | Courſe N. 25* o W. or. NNW. FW. nearly, | 
ov Viſkance 500 mile. | 
{ It may be proper to obſerve, that when radius is one of the three terms 
5 | given, and not the firſt ; then the log. of the firſt term being ſubtracted 


from the log. of the other term (radius excluded), leave the log. of the 
4th term; by which means the trouble of taking the arith. comp. of the 
Ht term is avoided, 8 | 


Swerss oc Xo. .c... 


SECTION 


3 
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ſloop, | 5 ek 


"M / Compound Courſes. 


35. A Compound Course is an irregular track which a ſhip makes 
in a known time, by ſailing on ſeveral different courſes: Or where two 


7 A or more caſes of Plane Sailing are concerned, 
A TRAVERSE is a compound courſe, wherein ſeveral different ſue- 
ceſſive courſes and diſtances are known. 
Pool off | : ; 
2 3 To woRK a TRAVERSE, 
Or, to reduce rrſe to a ſingle one. 


iſt, Make a table of fix columns, title them Courſe, Diſtance, N. S. E. 
W. Begin at the left ſide, and write the given courſes and diſtances in 
their reſpective columns. | | 


2d. Seek in the traverſe table the given courſes and diftances, and let 
the correſponding differences of latitude and departures be written in their 


proper columns in the table made for the queſtion, 


3d. Add up the columns of northing, ſouthing, eaſting, and weſting; 
then the difference between the ſums of the northing and ſouthing will be 
| the whole difference of latitude, of the ſame name with the greater: and 
the difference between the ſums of the eaſting and weſting will be the 
whole departure, of the ſame name with the greater alſo. | 


due M. 
ho had 
meri- 
hey bad N | 
: Ke 4th. The whole diff. of lat. and departure to the compound courſe be- 
ing found, the direct courſe and diſtance will be found as in Caſe VI. of 


/ 


ſingle courſes, EDS 


4 a i 
3. 7 I@* CONSTRUCT. rn 


iſt, Deſcribe a circle with the chord of 60 degrees, and divide it into 


| 4 quadrants ; marking the north point with N. 


2d. Lay off each courſe on the circumference, reckoned from its proper 
meridian z and from the center to each point draw ſo many blank radii ; 
mark theſe with the proper number of the courſe, 


zd. On the firſt radius, lay the firſt diſtance, mark its extremity z 


through this extremity, and parallel to the ſecond radius, draw the ſecond 
btractel diſtance of its proper length; through the extremity of the ſecond diſ- 
1 1 4 tance, and parallel to the third radius, draw the third diſtance of its pro- 
2, of t a 


per length ; and thus proceed until all the diſtances are drawn, 


— 


= : 
5 i 
: 8 
y 
5 L 
: 
| 
1 
j 


i * 
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4th. A line drawn from the extremity of the laft diſtance, to the center 
of the circle, will repreſent the diſtance made .good ; and a line drawn 


from the ſame paint, perpendicular to the meridian (fengthened if neceſ- 
* will repreſent the — i 


38. When a ſhip is bound om a given place to a known * 3 and 
an ſome occaſion js obliged to run on one or more different courſes, 
not in the direct one to the port; and then wants to find the dire& 
courſe and diſtance ſhe muſt run to yu? her port, obſerve the fol- 
lowing precepts. | | 


It. Find the diff. lat. and dep. between che ſhip's firſt place and the 

rt bound to. 

2d. Find the diff. lat, and dep. between the ſhip s firſt place and the 
place ſhe is to come to. 

3d. If theſe differences of latitude are both of the ſame name, take 
rr difference for a new diff. lat. : But if of contrary names, take their 
um. 

Ath. If the departures are both of the ſame name, take their difference 
for a new departure: But take their ſum, if of contrary names. 

Sth. To this new difference of latitude and departure, find the courſe 
and diſtance (33). 

th. If between the place failed from, and the place came to, there has 
been more than one courſe :- To each courſe let the diff. lat. and depar- 
ture be found; and let their ſum or difference be taken according as they 
are, of the ſhane, or of contrary names; and this will give the diff. lat. 
and departure between the place failed from, and the Place come to: 
Then * by 1 the 3d, 4th, and 5th precepts. 


39. To coxsrRUCT A Courovnp CouURSE. 
Lee any of the figures after Queſtion VI J. 


1f. Deſcribe a circle, in which draw the meridian and paralle! of the 
place failed from. 

2d. Conſtruct the triangle between the place failed from, - marked 4, 
and the place bound to, marked B; and let the interſection of the diff, 


lat. and departure be marked p. 


zd. Conſtruct the figure between the place failed fed, or A, and the 


palace come to, marked c; and let the interſection of this diff. lat. and 
Þ departure be marked k. 


4th. Through c draw CF parallel to AD, meeting RD, continued, if 
ecctiary, in F; and draw CB. 
Sth. [hen in the triangle cs, the lines er, FB, CB, will repreſent the 
You + departure, and diſtance between the place come to, and the Pace 
ound to. 


* 6th. From the center A draw a line parallel to _ in the direction 


from e C to By and this ſhews the courſe wanted, 


1 EN CCCCCOOS 


8 tude, which is 140, 2. 
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: g | | . by - 3 
40. Examples to exerciſe Traverſe Sailing. 


QuesTION ; 4 Hip ſails from a place in latitude 245 32/ N.-and has 


run the following courſes and diſtances, viz. 
15 800 b. W. diſt. 45 m. 2d ESE. diſt 50 m. 
th. SE. b. E. diſt, 60 m. Sth. SW. b. S. W. diſt. 63 m. 

Reguired her preſent latitude, with the direft-courſe and diſtance between 


2d. SW. diſt. 30 m. 


the place ſailed from, and the place come to? 


Conſtrudt the traverſe table by art. 36, and the figure by art. 37. 


N. 
E . . * — : i. "i 
TRAVERSE TABLE. 1 
Comte. D. N. | „ 
Sw. b. W. 45 25,0 | 374 | 
ESE. ol | 19,1| 46,2 
SW. 30] | 21,2 21,2 
ISE. b. E. 60 33.319,9 | 
| SW. b. S. 4 W. 63 50,6 375 
15 96,196, 


The traverſe table being com- 


The lat. from 24 32 N. 
PD. f. la. 2 9 8. 
* lat. 228. 
Preſent lat. 22 3 N. 


The miles of departure in the 
eaſt column are 9671; and thoſe in 


the weſt column are alſo 96, 1: But 


as the eaſt and weſt departures are 
directly oppoſite, they deſtroy one 
another, and the ſhip in her pre- 
ſent ftation has made no departure; 
therefore ſhe is under the ſame me- 
ridian which ſhe failed from: Con- 
fequently her courſe made good is 
directly ſouth; and her diſtance is 


| 


pleted ; the ſum of the ſouthings is 

140,2 miles, and ſo far the ſhip has 
got to the ſouthward, or altered her 

latitude. | LIE Ld 


the ſame as the difference of lati- 


| 


In this figure the circle, which is 
deſcribed with the chord of 6092, re- 
preſents the horizon, the center of 
which is the place the ſhip failed 
from ; through that place are drawn 
two diameters, at right angles to one 
another; the one repreſenting . the 


meridian, the other the parallel of la- 


titude which the ſhip departed from: 
On the circumference are laid the 
ſeveral courſes, and numbered 1, 2. 
„ 4, 5. On the firſt rhumb A 1, 
is laid the firſt diſtance Aa = 45; 
through a, and parallel to the rhumb 
4 2, is drawn the ſecond diſtance 
ab 50; through-b, and parallel to 
the rhumb A 3, is drawn the third diſ- 
tance hc Zo; through c, and paral- 
lel to the rhumb A 4, is drawn the 
fourth diſtance c d= 60 ; through 4, 
and parallel to the rhumb a 5, is 


drawn the 5th diſtance dc =63, 
| C 4 | 1 4 | QUEST, 


24 


PLANE SAILING. 
Quesr. II. 4 foip from the latitude 28* 


courſes, vix. 


— 


TRAVERSE TABLE. 


Courſes. 


D. N | 


| SW, 
NE. b. E. 


NW. b. N. 


— 
— 


20 16,6 


40 


3. 


W. 


49˙9 


11,1 
28, 3 


. 
„ 


Bock VII. 
32 N. has run the fellnwing 


4th. SE. diſt. 55 m. 5th. W. b. S. diſt. 4x m. 6th. ENE. diſt. 66 m. 
"® EL 2 of | 


| Required her preſent latitude, with the direct courſe and diftance between 
Iltßbe place ſailed from and the place come to? — —— OY 


Confirud the traverſe table by art. 36, and the figure by art. 37. . 


SE. 
i W. b. 8. 41 
ENE. 


38,9 


61,0 


40,2 


* wer £5.þ 4 
on RR We eg 
. — * „ L * 6 
- — - Y 
my —— Re Rn 
= I_- 8 


149,8 
79,6 


70, 2 


79,6 


| Dep. 5 


The traverſe table being filled up, 
the ſum of the northings and ſouth - 
ings are both 75,2 miles; which, be- 
ing of contrary directions, ſhew that | 

the ſhip has returned to the ſame [h c, cd, de, ec. WES 
parallel of latitude which ſhe failed | The diitance ſhe is got from A, is 
„ 855 repreſented by Ac; which alſo ex- 
The ſum of the eaſtings is 149.8, we the rhumb between A and c. 
and that of the weſtings is 79, 6; | 2 „ ns 
their difference 70, 2 ſhews that the 
ſhip has gained ſo much to the eaſt- 
ward, that being greateſt, 
Conſequently the courſe made good is due cat. 
And the diſtance is 70,2 miles, 9 


Although the figures in both the traverſe tables, at the end of this book, 
contain two decimal places, beſides the whole numbers, yet only one de- 
cimal place is uſed in theſe traverſe queſtions, and that place is increaſed 
by I, if the place omitted exceeded 5: Thus, the courſe SW. diſt. 40, 
gives 28,28 ; for which it is ſet down 28, 3; becauſe 28, 28 is nearer to 


Here A is the place failed from ; 
and C 1s the place the ſhip is come 
to, by ſailing along the lines a 4, a b, 


6 * 


28,30 than to 28;20; And ſo of others, 


_ QuzsT- 


w &@O@ we 


Fa. 4 
Ts 
p 
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Quesr, HL. Since yeſterday nom we have run the following courſes 2 
Iſt. SW. b. 8. 20 m. ; 2d. W. 16 m. 5 3d. NW. b. W. 28 m. 
4th. SSE. 32 m. 5th. ENE. 14 m. bth, SW. 36 m. 
% 0 Ot VEG * 5 


— 7 


— 


* 1 $ F 
| TRAVERSE TABLE. | 


| Courſes. D. N. 8. E. W. 

Sw. b. 8. 20 : 16,6| 1,1 

W. 166 2 

NW. b. W. 28 15,6 

SSE. 132 29,6 — 

ENE. 14] 54 | 2 

SW. 36 255 Td 
21,0 71,70 8 

121,0 5 0 Ig 

D.lat. 50,7 8 | 


As the diff. lat. and dep. are equal, the courſe is S. 45 W. or SW. 
And, as ſ. . A: E:: ſ. CER: Ac. Or ſ. 45 00: 50, 7m. :: ſ. 90 oO : 71, m. 

QuzesT. IV. Two ſhips, A and B, part company in lat. 30 3170 N. and 
meet together again at the end of two days, having run as follows: _ 
A. iſt. NNE. g6m. 2d. WSW. 96m. 3d. ESE. m. 4th. NNW. g6m. 
B. iſt. NNW. 96m. 2d. ESE. gm. 3d. WSW. 96m. 4th. NNE. 96m. 

Required the lat. arrived in, with the di rect courſe and diſt. of each ſhip ? 

As the courſes ſteered by both ſhips are equally diſtant from the meri- 
dian; therefore one traverſe will ſerve for both. 


* W 


TRAVERSE TABLE. 


Courſes. D. N. s. | E. | W. 


NNE. 906 88,7 : 36, 
WSW. 96 36,7 | 88,7] 
ESE. 996 36, 88,7 | 


N. 90 887], | | 36-7 8 


1 .es | 
.. 
33 : 2 . 2 


i * 
* 


— — — — 9 


47 -A 73.425,40 125,% 


| 
: * . ; * Ws IE 
1424 Nos Bb) 
| —— 2 1111 
104, OD. lat. i 


= 


There being no departure, and the diff. lat. being *** 
Therefore the courſe made good is N. and the diſtance is 104 miles. 
| The lat. arrived in is 33 15 N. 


Queer. 
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Qurs r. V. Suppoſe a ſhip from the lat. of 40® oo * fail ar filly, 


1ſt. SE. b. S. 29m. 2d. NNE. tom. gd. ESE. . om. 


4th, ENE. 50 m. th. SSE. 1om., 6th, NE. b. N 29m. 
7th. Weſt 25 m. th. SSE. - 10m. 9th... WSW. 2 W. m. 


Ioth. North 110 m. IiIth. E. 4 N. 62 m. 12th. North. 0 m. 
13th. Weſt 62 m. 14th. North 10 m. 15th. Weſt m. 
10th. South 10 m. Iyth. Weſt 62 m. 18th. South 7 m. 


19th. E 8. 62 m. 20th. South 110 m. 21. WNW. w. 42 m. 


22d. NNE. 10 m. 23d. Weſt 25 m. 


. the ſhip's 5 Place, » with the diredt ging and di Banc 7 


rere | 
Courſes. | D. 1 8. 1 B&B. I Wt? | 1.5 tpa þ 
sk. b.S. | 2g] 24, 0 161] | 
NNE. 10| 9,2 | 38 | 
ESE. 50 19,1 46,2 F gn. 
ENE. 500 19,1 | 46,:7T — 
SSE. 10 5 
NE. b. N. 29 24,1 16,1 
Weſt. 25 | 25, 
4SSE. 10 9,2 3.8 F 
WSW. 2 W.] 42 12,2 40,2 3 
North. 110 110, o f — bg, 1 
E. 2 N. 62 9.1 | 61,3 | | 1 : . 
North. „„ 1 EBC 
Weſt. | 62 1 62,0} { ro | 
North. 10 10,0 | — 
Weſt. 1 1 8,0] , 
South. 10 10,0 | * 
[ Weſt. 62 | 62, o b 
South. 7 7.0 | = | | 
E. + 8. | 62 Q,1 61,3 #8 | % a : ai, 
South. 110 110, | | | 4 
WNW. 2 W. 42 12,2 | 40,2] © Rs e ts ar” 
NNE. 10 972 3,8 ! ' 5 EOS 
f —„» ene pr—_ — 
Bret 20, 9 20979 262.4 262.4] | 


As the "BY: of the North and South Aeris. of latinides are e equal, 


and the Eaſt and Weſt departures are e 1 therefo e the ſhip is re- 
turned to the ons ſhe led from . 0 n F | 


5 
p 


is js 
8 4% 7 3 
- G - + Y & SS 1 
—— — 4 1 4 \ _ — rr. 8 * 
— — — — 8 Re” ? , 
- : — - — * _ _—_— 4 4 
— — 5 — — 
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7. QussT. V . The laft 24 hours we have run the following courſes, viz. 
WI iff. SEE. 40 m. 2d NE. 28 m. 3d. SW. b. W. 52 m. 
e Ith. NW. b. W. 30 m. th. 88 E. 36 m. Sth. SE. b. E. 38 m. 
2 wg EReguired the arff: t latitude, — direct . and diſtance? 
* eq | 
m, | - Travenrss TABLE. | 
m, + HIER e 
7 m. Courſes. D. N. s. E. | w. | 
-2 m. 5 . | 1 
6 SE. _ 140 | 28,3] 28, 3 1 
INE. 28 19,8 c 19,8 . 
SW. b. W. 52 | 28,9 43.2 
NW. b W. 30] 16,7 4424 
SSE. 36 33,30 1 3. 
SE. b. E. |58j 32, z] 48, | 


—ü— — _— 


— S — 


| 365 122,7 110, 1 68,1 


136. 68. 


{ D. lat. i ep. E 5 5 


For the courſe, As 86, zm. 4am. : rad. : t. 25 500 Or ss. 4 E. nearly. wo 
For the diſtance, As ſ. 25? 59 : 42m. : : rad. : 95,87 m. 


Quesr. VII. 72 erday noon we were in «be 3 180 S. and ſince then we 
have plied on the following courſes, viz. 
iſt, NNE. 22m. 2d. N. b. W. 30 m. 3d. NE. b. E. 40 m. 
Ath. ESE. 25 m. 5th. SSW. 18 m. th. NW. b. N.: W. 50 m. 
7th. NE. E. 42 m. Sth. W. b. S. W. 45 m. gtk. SW. b. 8s. 20m. 
10th. E. be N. 4 E. 62 m. Required our * lat. and * 
i with the courſe and diſtance made Sead? 


7 | __Taavets: Tan Lp. 
Courſes, D. N. s. | E. W. - 
— ——— — 
NE. 22 20, 3 8,4 | 
: N. b. W. 300 29,4 | 5,8 
NE. b. E. 40 22,2 33,3 | 
KSE. 2 25 | 9,6 23,1 
SSW. 16,6 6,8 
NW. b. N. W. 50 38,6 5 37 
NE.ZE. |42} 26,6 . „ 
W. b. 8. 2 W. 45 a 80 ; | 44,8 . EL | 
| SW. b. S. 20 16, 6 11,1 i \ 
ual, E. b. N. E. 62] ga| 61,3 1 OY AI 
re- — A F A 5 
' 146,2 47,2 158,6 1002] . ; 4 
* 4742p — =| 100,2|—— . 
| —— — 
| J 99.0. — 58.4 Dep. 


For the courſe. As 991 m. : 58,4 m. 5: rad; : k. ME oa Or NNE. + E 
Fer the diſt, As ſ. 30 32 : 58,4 m. :: rad. : 115, the diſtance. : 


8 And F 3 18 — —1 39 = 8. the preſet latitude, | 
58. 39 39 | Queer. 
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| Qoksr. VIII. zgerday noon toe were in lat. 335 15' N. and Bound fo 
4 port in lat. 28* 35 N. lying 196 miles to the weſt ; and this day at noon 
we were in lat. 30* 20/ NM. having made 168 miles of weſiing : Required 
the direct courſe and diftance to our intended port? ET 
Lat. from 330 15' N. | Lat. from 33 15 N. 


a 


Lat. to 28 35 N. cm -jo-20N. P * <p * 
Diff. lat. 4 40 2280 m. Diff. lat. 2 55 2175 5 Ne 9 
I) e figure is conſtructed by art. 39. j | xs 
Thus. In the meridian take av=280, ABE C H 
1753 in DB, Ec, drawn parallel to the parallel of FA 
lat. ap, take Bp=196, EC=168; draw AB, AC, 
CB; and draw cr parallel to AD, and ac parallel B 9 


o e SB . : 

Then A is the place failed from; c the place come to; -B the place 
bound to; cz; the diſtance the ſhip has to ſail ; and the arc mc meaſures 
the angle of the courſe ſhe muſt fail on. | | 


— 


From A5 10 From DB | == 296 
— = 175 Take ce=rp =2 168 
Leaves EDSCF &= 105 Leaves BY = 28 | 


In the triangle B. 


To find the courſe. To find the diſtance. _ ; 
As cr, diff flat. 3 7.97881 As fin. co. = 5 560 | 0,58889 : 
To Br, dep. == a5 1.44716 To dep. - =28m. © 1.44710 ; 
So rad, gos oo 10, ooo | So rad. 9o co 10, ooo 1 
To t. nf, t. co. 14 56 9,4259 To diſt. 108,6 2,3605 n 


Anſwer: Courſe is S. 14 56 W. or S. b. W. 3 W. Diſt. 108,6 miles, 


QuesrT. IX. A ſhip from latitude 14 25 N. and bound to à port in la- 
titude 518“ N. lying 476 miles to the eaſtward, finds ſhe has made 400 
zriles of ſouthing, and 150 of eaſting : Required the courſe and diſtance ſhe 
has to ſail, to reach her intended port? By | . 

The figure is conſtructed by art. 30. 

Lat. from 14 25 NW. | 

Lat. to 5 18 N. 


3 


Diff. lat. 9 7=547 miles. 


BE 


AD = 547 DB = 476 

AE e 400| EC=DF —= 150 E 

ED=CF, S1 FB | . 26 - 
hd OY S 


Then r: B:: rad.: t. 4. BS. Or 147 : 326: :t. 456: t. 659 4. 

And ſ. 4 FcB: B:: rad. : C. Or ſ. 65 44“: 326 Pc „ 

Anſwer, Courſe is S. 65 44 E.; or SE. b. E. 4 E. Diſtance 357, m. 
2 | 


| QUEST, 


EM noi vid PLANE SAILING ͤ . 


to QuesrT. X. Four days ago We were in lat. 4* 39' S. long. 83 160 E. of 
12 5 ; Lind and now we are in lat. o“ 35 5 N. having made 200 miles of weſting : 
ed Required our Pw. courſe and di Hance to Achen in the Iſland of \ Sumdira ? 


1 3 


3 


The fig · is confiratied by art. 39% | 

Lat. from 4* 39'S. _ — 

Lat . | O = 
Diff. lat. 9 $48594 miles. f = 
| 3 : F 

| | | | | M ä 

4 Lat. from 4% 39“ 8. Long. from Js 1670 E. 

; ; Lat, in : 35 N. „ Long. to 95 55 E. 


AD = 594 bn = 759 6, 
FD = 200 = CE 1 


8 Diff. lat. 5 14=314 miles. Diff. long. 12 3 755 ae 


2 * 280 = r. xn = 959 10 
In the triangle CF, to find the courſe and diſtance. 
As cr: En ?:; rad. : t. rc. Or 280: 959 :: t. 450 oo: t. be: 43. 
At ſ. Lres s:: rad: en. Or . ie * 00” : 99 £ 


The courſe i is N. 73 47 E. or ENE. 3 4 E 
Anſwer} The diftance is 999 miles. 


Quesr. XI. A ſhip from the lat. 10* 38/ M. and bound to a a port lying 
282 miles to the S. W. b. S. after three fucceſſive days of bad weather, finds 
berſelf in lat. 3.58 N. and 120 miles ta the eaſtward : * her pre- 
ſent come and diſtance to her intended _ ? 


„ LI WF WI / 


a The figure is donftenscbed by art. 39. 
In the triangles NBD, find AD and BD. 


As rad 3 AS 5: „ An 

Or rad. : 282 : : f. 50 15” : 234.5. 
And „„ , 7. -- 
Or rad. 282 2 2 f. 33 45 155,6. 


Lat. from 10® 387 N. AE =2400 E. = 156,6 


Lat. in . ap 223455 | 0 4 
Diff. lat. 6 40=400 m. pE=cF=I6g,s | By - = . 
— —_ 


| Me criangle ers find the courſe and F ROY 
a As cr: FB:: rad. : t. LFCB, Or 165,5 : 276,6 : : rad. : t. 5060 
As ſ. CFB: EB: : rad.: B. Or ſ. 59*6': 276, 6: : Fad. : 322,4+ 
Ander Courſe is N. 590 W. Or NW. b. W. £ W. 
Lika! is 322, miles. 


Qvxsr. 


eta SAILING. Book vn. 
rer. XII. A hip in the lat. 17 10/ NM. is bound to a a port in the lat. 


of 13* 10' N. the departure being 180 miles weſtward, ſails theſe courſes. 
xt. SW. b. W.27 m. 2d. WSW. z W. 30 m. 3d. W. b. S. 25 m. 
Ath. W. b. N. 18 m. 5th. 8S8EE. 32 m. 6th. S8 E. 4 E. 27 m. 
5th. S. b. E. 25 m. Sth. South. 31 m. gth. SSE. 39 m. 
vm fiery Preſent latit. and the direct courſe and diſtance to the deſired 

port ? 

Tue figure i is conſtrued by art. 29- Departed lat. 15 10' N. 
1 bound © to 13 10 N. 


th. 


| Fon + ge 
| > TRAVERSE Tas. | Diff. lat. 4 00==240 m. 
: f 1 N 5 
HET : Fn 
} Courſes. D. N. | 8. E. W. „ 
Sw. b. W. 2 15,0 122,4 ; 
WSW. W. 30 | 8,7 15 
W. b. 8. 25 4. _ [24s] 
W. b. N. 7.7 
SSE. 32} | 20, 6012, 2 
SSE. FE. [27 23, 113,9 
8. b. E. 25 2435] 49 | = 
South. 31 mA. 
SSE. 99 30, 014,9 
| | | 3-6172,8/45:9 93.3 
| ME 3.6— 45-9 
D. lat. 169,2 Dep. 47,4 | | 
Now 17 10 Nep. lat. And 4b 240, Alſo Bp=180 0 
60) 1690 2 49 8. Diff. lat. aE=169,2 | CE== AA FN 
14 21 N. Preſ. lat. | r ED 70,8 BF==132,6 


In the triangle crs ; 

To find the courſe. CF : FB : : rad. : t. / ren. 
Or, 70,8 : 132,0 : : rad. : t. _ 54. 

To find the diſtance. ſ. C FCB: FB: : rad, : 
Or, 1. 6154 2,6 : ; : ap 

The preſent 4 is 145 5 N. 5 
Anſwer | Cork is 8. 61* 54 W. or SW. b. W 7 W. 

Diſtance i is 150,3 miles. 


In this queſtion A is the place the ſhip ſails from. 
B 15 the place ſhe is bound to. 
cis the place come to by the traverſe, 
And cs is the rhumb ſhe muſt ſail on to come to B. 


QUEST. 


Book VII. PL AN k. SAILING. = 


| Quesr. XIII. Yefterday at noon we were in latitude o 15/ S. and bound 
to a port bearing NE. b. N. z E. in latitude 25 is; N.';. by the wy IP 
. have run the following courſes, vix. 


NW. 25 m. NE. b. E. 28 m. E. b. 8.1 E. 2 nile 41 m. 
ESE. E. 24 m. NE. b. N. 30 m. WSW. 24 m. | 


Required the ſhip's 5 _ with the dire _ and diſtance to the in- 
tended port | 


The diff. lat. n m. 2 — —— D 


In the triangle ADB, the departure 
DB will be found to be 123 m. | 
In the traverſe, the diff. lat. Ak - 
$2,6; and the departure rc =7555 Bf 
miles. "EY 
In the triangle CFB, where cr 
86754 ; FB=47,53 the courſe is 
N. 35? 14, E. or NE. b. N. 1 E 


* % 
and * . 18 82,51 miles. | 1 „ 1 
by E 
po 1 
* - ; . 
— 


Quzsr. XIV. A ſhip So the latitude of 185 14' N. is bound to a port 
bearing SM. b. S. Z 2 and 138 miles to the weſtward ; having Ju the 
following courſes, viz. 


SSW. 22 m. S.b,E.z E. 38 m. NNE. 30 m. Ws w. 57 m. 
NNW. 45 ms 8. b. W. 2 W. 30 os | C 


| Required the ſhip's Fs with the direci courſe _ di Nance to the deſired 
port? 


In the triangle ADB, the diff. lat. | "IR 
AD will be found to be 168,2 miles. 3 
In the traverſe, the diff. lat. AE | * E M0 
257 m. and the departure — 7 ee A I 
7053 m. 6 N 3 
In the triangle ern, where r = +: 2 4 
111,23 3 FB=67,7. | 5 — 
The courſe is 8. 31* 20” W. or I . | 
SSW. 2 W. : 1 * 
Tue diſtance is 13052 miles. | 
| Lo from „ | 
Latit. in T7 1 N. 2 
| _B E D 


\ 
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| Queer. XV. 4 bio in the hat: 1 oo S. 15 Bound to. a port i in lat. 
1 100 N. Aiſtance 220 Ar in the MM. quarter ; and — with Cane 
tra winds, runs the following courſes, 'DiZ. 


NE. b. N. 6zm NW. IW. 85 m. North 95 m. NNW. #71. 


| Required the ſhip I place, and the courſe and diſtance. 10 ber ore. 5 
= In the triangle aps, the courſe | 1 
DAB will be found 53 473 and the 
departure DB=177,5 miles. 
the traverſe, the difference of 
lat. axE=285,9. © | 
” he depart. BC=61,3, 
n the triangle Ex. | 
Where cr Sn} 15 82 
BF (D E =) 116,2, 
The courſe FcB= 367 * 


The diſt, cB=1 * 

The preſ. la 40 = TN 

Anſwer The cours SW. b. S. T. E 

C Diſtance 19424 m. 5 K F 
du” 


Qvuetsr. XVI. A Bis i in the lat. 1*26/ M. is ESP 1 to 


the S. eaſtward, diſtant 420 miles, and 180 to the eaftward; and having 
proce on the following courſes, vix. 


SE. b. E. 59m. SSE. E. 84m. S. T W. 42 m. WSW. Am. 


W. b. N. 25 m. S. b. E. 2 z E. 62 m. ESE. n 
ESE. 2 E. 95 m. 1 


— 


Def res to know her Place, and the direci courſe and di 8 #0 _ * > 


In the triangle aps. ſet 5 

The 4. „ "ac oh % 

The diff. lat. Ap = 37, 5. | 4 * 

In the traverſe AEc. 55 | 3 
The diff. lat. AE = 324, 2. 
The depart. Ec 2474. 
The pre!. lat. is 35 48“ S. 

In the triangle CFB. 

Ihe diff. lat. cF=55,2. 
Departure FB=0 . 
Courſe is 8. 50? 38/ W, 
(Ir SW. 2 W. 


T be diſtance ena87, 18 miles, 


— — AS) AED pcs — —— — * * 8 
. — — —— — 
— 
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Quxsr. XVII. A ſhip from the latitude of 4* 10 NM. being to make an 
hand that bears NE. b. N. diftant 196 miles, and baving run theſe courſes, 
viz. NE. £ E. 75 m. ESE. 4 E. 42 m. NNE. 4 E. 52 m. N. b. W. 
4 m. ENE. 4 E. 49 m. I is 7 to know ber preſent latitude, wth 
wk direct courſe and diſtance to the Hand? | 5 


In the triangle abo. 
The diff. lat. AD = 163. 
The depart. 3B 108, 9. 
In the traverſe Akc. 
The diff. lat. AE=128. 
The depart. EC=160. ' | 
And the preſent lat. 618“ N. 
In the triangle B. 
5 The — lat. o = 35. 
The depart. FBS 51, 1. 
| The 4chr e is N. 5 5 36 W. : 
Or b. W. nearly. . \ 


The diſtance cB=61,93 miles, — N 


QuesF. XVIII. Twa orgs take their departure from the Lizard in la- 
titude 40 57“ V.; one bound to St, Michael's which lies 715 m. Jo the S. 
and 745 m. to the weſt z the other bound to Liſbon, lying 661 m. to the &. 
and 215 m. io the weſt, reckoning from the Lizard; they ſail in company 
ö SM. 3 M. 610 miles, and then part: What is the direct courſe and diſtance 
of each ſbip to her port! | ; 5 


In the triangle apc. 
5 The diff. lat. Ang 387 m. 
The depart. DC 471, 5 m. 
In the triangle c. 
The courſe is S. 43* 0% E. 
Or SE. b. S. f E. nearly. 
The diſtance c1,=375,3. m. 
In the triangle hM. 
The courſe is 8. 39 49/ W. 
Or SW. b. 8. 2 W. nearly. 
The diſtance M427, 1 m. 


* a 3 


Vor. U. | | D Quxsr. 


—— — 


Aadeira to the Iſland of Palma, in lat. 28 36 N. long. 18 oO. W. 


ts the river Sierra Leon, after running $ 


and bound to Mayo, one of the Cape Verd Illes, to which I ſailed'm ber com- 
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 Quesr. XIX. A ſhip in lat. 43* 20' N. long. 15 10 W. is bound to f 
St. MichaePs, bearing S. 46* 16' W. in the lat. 3745 N; and from} 


thence ſbe is bound to Madeira, in lat. 320 25 N. and diſtant from St. Mi. L 


chats 514 m. in the SE. quarter: Required the diſtance to St. Michaela, 


the courſe from thence to Madeira, together with the courſe and diſtance from L 


In the triangle ABC. 4 | 
The diſtance to St. Michael's, ac=484,6 m. 
The departure Bc=350,1 m. 

In the triangle x5. | 8 
The courſe from St. Michael's to Madeira is c 

S. 51 30 E. or SE. Z E. nearly. LOS 
The depart. ED=402,3 m. 3 
In the triangle DFG. BE | 5 
The courſe from Madeira to Palma is 8. 44 K 

LT“ as {fc 
The diſtance DG=318,9 m. Bi 


«- 4+ 
- 
* 


tr 
val % 


QuesT. XX. Departing from St. Mary's, one of the Azores, and bound? 

TVET Sie 2 „36 HDu⁰, at 7 = an _— 1 
my ſea tompaſs was ſpoiled by a flaſh of lighting; then after 8 days aire} 
=} * 9.250 W. I met a fhip in lat. 20 oo' N. lng. 36 100 N. 


L 
e 


any: Required my courſe and diſtance in the 8 days run; alſo the ſame, 
5 I ſailed in 42 and * ſame, from Mayo to Sierra L — 
In the triangle Ac. 85 
The diff. lat. depart. or AB % 
BC=178,2 m. | ls 
In the triangle cp. : „ 
The courſe was S. 43 13 W. or „ 1 FI 
SW. b. S. 4 W. nearly. V 
The diſtance hg 1195 m. By 
In the triangle pci. D * 
The courſe to Mayo at 1, was | > | 
S. 69 56' E. or ESE. E. nearly. G.k P 
The diſtance p1=836,8 m. „ 
In the triangle ILM. 
The courſe to Sierra Leon at M 


was 0. 5829“ E. er SE. b. E. 4 E. nearly; and the diſt. IM=770.7 m. | 


your v ewes 
\ 
. 


3Sc 


R 
* 4 


SECTION 


l 


Page 


I «( 
44. 07 oblique Sailing. 
In the preceding ſections the bearing and diſtances of places were de- 


termined by the ſolution of right-angled triangles ; but at fea there being 
many caſes in which only oblique poſitions can be obſerved, therefore it 


ply illuſtrated. in this, and ſome of the following ſections, _ : 
To ſet an object is to obſerve what rhumb or point of the nautical 
compaſs is directed to it. 5 | Cn DER WS | 

The bearing of an object is the rhumb on which it is ſeen ; and the 
bearing of one place from another, is reckoned by the name of the rhumb 

paſſing through thoſe two places. Pe | | 

In every figure relating to any caſe of plane failing the bearing of a line, 
not running from the center of the circle or horizon, is found by drawing 
a line — thereto, from the center, and toward the ſame quarter. 

The figures belonging to the queſtions in this ſection are in Plate VIII. 
at the pa in which the figures are referred to by the number of the 
queſtion, * SEE | 4 


from the other NE. and SIW. their diſtance being 2 miles; A ſails S. 5. E. 
and B; runs E. b. S. at laſt they meet : How far bas each ſailed? 


draw the meridian Ns, and at right angles to it draw the parallel of la- 
titude EW. | — 
In this circle lay off the & V. rhumb s o, the S. 5. E. rhumb s p, and 
the E. B. S. s m: through o draw As equal to 76 miles. | 
Through B draw BC parallel to a m, meeting A c drawn through p. 
Then à and B repreſent the places failed from; ac and Bc the diſtances, 
and the angles s A C and s A the courſes which the ſhips had failed when 
they met at c. . „ 
The diſtances Ao and BC may be meaſured on the ſcale which aB was 
taken from. . Ho | 5 
 ComMPUTATION. In the triangle anc there is given one ſide Ag, and 
all the angles, to find the other ſides. 15 | 
Thus, A5 pts.=56® 15. For $0 and 8 þ make 5 pts. meaſ. Z. A. 
£ B=5 pts. 56 15. For BC is paral Am; and BS LBAAN 
| 3 „ (II. 95) = pts. 
L.c S pts. 267 30. For Bc is paral. Am; and e cam 
: 3 | (II. 95) pts. 
Therefore the ſolution belongs to Problem I. Book III. 45. 
And ſ. Cc: AB:: ſ. C. A: Bc. Or, As ſ. 67“ 30': 76m.;; ſ. 50e 5/68, 4m, 
Now as B= LA: Therefore Ac is equal to BC, (II. 104) 
A A fails S. b. E. 68, 4 miles. | | 5 % 
IB fails E. b. S. 68,4 miles. 


— 


is neceſſary to ſne how ſuch caſes are to be ſolved; which will be am- 


Quesr. I. Tio ſhips, a and B, ſail from two Jun bearing the one 


ConsraucTion. With the chord of 60 deſcribe a circle repreſenting | 
| the horizon of one of the places ſailed from, ſuppoſe of A, the northern; 


— 
E2 QuEesTION | 


| 
. 
0 
1 


a 41 
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bs ri II. Crafting * flere a headland bore NE. b. N.; ; " then 
having run E. b. N. 15 miles, the headland bore NN. nen * * 


tanec from the headland at each time of ſetting. | 


The conſtruction and computation of this 1 is made as in duet. 
I.; c being the headland, and as the ſhip's run. 


ANSWER, the diſtance is eee 


— e * * * 


— — A —— 


© Qurerton! III. In —— a cape, I obſerved a 3 up a river Ss 
due N. ;_ then running NIV. 6 miles, the cafile bore NNE. : _—_— my 
diflance from the caſtle at each time of ſetting. 


Here c is the caſtle, and As the ſhi ip 's run. 
| r 


ANSWER, the _ diſtance at 1 F FE i — = r a 


* * 
5 4 ä _ eres 0 , 2v 


— TI 3 


be Iv. At noon a deat dove NIV. 5. W.; then ſailing NNE. 


b miles an hour, we anchored at ꝙ in the evening in a creek 18 leagues diſtant 


from the headland : Required its diftance at noon, and bearing from the creek, 


ConsTRUCTION. Having deſcribed the horizon, and drawn the me- 
ridian and parallel, in the meridian take any point A for the ſhip's place 


at firſt: draw the NW. b. W. and NNE. rhumbs, and parallel to them 


draw AB, Ac. | 7 
Make ac=45m. (=gh. 5 m.): and from c with 54 m. (=181, 
* 3) cut ABin 83. Then is B the headland, and c the creek. 


ComPUTATION. - Here is given the fide AC=45 m.; the fide cy 
=54m. and the E. A=78*.45=7pts. for NW. b. W. +2 pt, for NNE, 


oints. 
+ 13 the ſolution falls under Problem I. Book III. 45. . 
And ZB = 54 49/; therefore /.c=46? O26“; and 439.9 miles. 
Draw ao parallel to cs, then / cBa= Loan=54" 49/. 
Therefore Coan — C nato £.0aw=21' * 3 which tiken from go? = 
leaves 68* 56 . 
». | diſtance at noon is 30, 0 miles. 
9 we headland's Leis from the 12 8. 58 Y W. or 
| =, Ons * W. nearly. 


+» 


* 8 8 
— 


163 v. A bis, after failing 8E b. S. 62 1 from her port in 
lat. 20 160 N. met a ſloop that had run 124 leagues from a place bearing 


. b. N. of the port the ſhip departed from : * What was th 
nd the di lane of the two ports? of | : Ag ; —_ 


The conſtruction and computation being ends as in the latt, A and 
epreſent the ports failed from; and c the place where the veſlels met. 


F "om 5 Ihe diſtance of the ports 72,18 leagues. 


The ſloop's courſe along cs is 8. 585 0F/E.orSE.b.E, LE.nearly. 
Qs. 
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 QuesT10N VI. A. merchant ſhip meeting with a ſhip of war which had 
ſailed SE. ö. E. 39 leagues from the latitude of 4.5* 30 NM informed them,. 
that ſhe had been plundered the day before in the ſame latitude ; and had ſince 
run 67 leagues on a direct courſe between the ſouth and weſt; aud that the 
pirates were cruiſing about the place where they robbed her: What courſe muſt 
the man of war fleer to come up with them? fret e 41] 


f 


Suppoſe A the place the man of war failed from, B the place where the 
merchantman was robbed, e the place where they met; then the man of 
war muſt fail along c to meet the pirates; which courſe will be ſhewn 


by en drawn parallel to cB. | | ages 
Here the given diſtance Ac is not drawn from the center of the circle 
V repreſenting the horizon, but parallel to co the given courſe; this was 
| done, to prevent the figure from being ſo ſmall as it muſt otherwiſe have 
been. 5 : | | | 


Here are two 3 ſides and an angle oppoſite to one of them, to find 
the angle B oppolite to the other ſide a c. | "Ml 
Then cn: ſ. CA.: Ac: ſ. CB. That is, As 67 J.: ſ. 33 45':: 39h: f. 


| 18* 52/, De | = | 
; ANSWER. The courſe which the man of war muſt ſteer is N.71*%08'E. 
For L ncB=4cBc (II. 95); and 90 L AB = LN en. . 
- > QuesT1on VII. . Two ſhips ſail at the ſame time from one port ; one ſails 


ESE. and the ether SSE. Required their bearing and diſtance when zach 
5 bas run 374 miles. 


I Here AB Ac; therefore 4232 Lc. Now L. a=4 points; then 
£Cc= £0 points, 8 | | 
B ANSWER. B bears from c, N. 45*E. diſtant 28,7 miles. 


* 4 Au... 5 = 
— * — 


* „ _ — | gs — 


kn — 
* „ 
o 


5 QuEesTION VIII. Sailing on a SI. _ at the rate of 44 miles an 
hour, at 9 o'clock in the forencon a cape bore SE. b. E, diflant 15 miles: Re- 
n quired its bearing and diſtance at 4 o'clock in the afternoon. — . 


ANSWER, The cape 3 bears N. 68 08! E. diſtant 37,44 miles. 
Here the ſhip is at A at ꝙ o'clock, and at c at 4 o'clock: the two ſides 


l AC, AB, and the.contained angle a= points, are given, to find the reſt, | 

8 a — kad — — | — — —— — 9 DPEOILSTET © — — | 

in | QuesT1ON IX. Wanting to know the breadth of a river in the mouth of | 

2 which are ſeveral iſlands; from a cliff on the eaſtern fide, I ſailed NN. i 

65 50 miles; and then running SSI. 35 miles, 1 reached the weſtern ſhore « Re- | 
quired the breadth between thoſe places. 8 | 

yy Here AB==50 m. BC=35 m. and 4.B=4 points; required ac. 

; ANsWER. The breadth between A and cis 35,35 miles. 

F „ Sy | Qunorron, 


Te 
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"Que STION X. From two ports, lying under the ſame meridian, and dif- 


f tant 230 mi milas, two ſhips ſail toward the cafe," and m_ toben each bac r run | 
372 miles > 8 + Required the courſe of each, herd | 


„In Fig, X. A and Bare the ports failed from, and. C the place where 

the ſhips met. Here are given the three ſides ; but two of them being 
equal! the ſolution is eaſily found by drawing the N l. ) 

Auswzn. A 's courſe i is S. 71 * and: B's courſe N. 17 0K E. 25 


0 5 
6—— r 
* _ — — —_— _— OY 2 ”Y > 


* 


1 XI. Two Give 0 mecting at 12 1 they had TY om fo 
ports in the ſame latitude. and diſtant 576 miles : the ſhip from the weſtern 
port had run between the N. and E. 328 miles, and the other had failed _ | 
miles : Required the courſe fleered by each ſhip, 


A and Bare the ports ſailed from, and c the place where the ſhips met. 
From the three given ſides, the angles may be found by B. III. 49 or 50, 


ANSWER. The courſe from & is N. 4449 E. and from B is N. 5559 W. 


& 
—_— — — 


W XII. 4 ſloop in FR days coafled * a etangate Rape 
iſland: the firft day ſbe ranged along one fade, and her cqurſes reduced to one 
was SI. arflance 64 miles; the ſecond day's diſtance was 106 miles between 
the S. and E.; and that ef the third day 4 Was 83 miles. * the direct 
courſes of the ſecond and third days. 


In Fig. XII. The firſt day's diſtance is AB, the 10028 BC, the third 
AC. And the-figure is thus conſtructed. 
Having deſcribed the horizon, and drawn the meridian and parallel 
2) theit interſection A is taken for the place which the ſhip failed from; 
aw the SW. rhumb AB==64 miles; from A and B deſcribe arcs with the 
radii 106 and 83; to their interſection c, draw the lines Bc, ac. 
Draw the line Ar parallel to Bc, and continue CA to o | 
Then the arc s 7 meaſures or gives the ſecond day” s courſe, 
And the are No the courſe of the third day. 


Now the angles being found by either method, as in Book Ul. 62.3 
the courſes will be thus obtained. 


From Z2.BAC take 4 points L sKB, there remains CsAc. 


IT hon arc s r, or ESATSLSACH 4c. (=4 car by II. 95) for. che 
| r courſe. 


And arc No, or C. NA = E. sc (I. 93) i is the third day's courſe, 


Answer, The ſecond 1 S Fourl is 8. 85 2 gE. 928 the third day's 
N. 46 21 W. : "0 - Uurd day 


The directions given wr this 22th queſtion may be applied to the two 
ef ones. 


| 2 = . | QUEST. 
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. QuesTION XIII. Sailing into a harbour I obſerved two landmarks, the 
one bore E. the other W.; and after running &. 33 miles, the eaſtern one 
bore M. 58* 300 E. and the weſtern one N. 45* 20 W.: Required my diſtance 
from thee free, n at exch ime of ſting them. 


The ſhip is ſuppoſed firſt at a, and to fee the landmarks c and p in the 
tines AC, 15 ; then failing to B, ſhe ſees the ſame marks in the lines gc, 
BD, drawn parallel to the given rhumbs An, ao. © 7 | 
Niere are two right angled triangles Bac, BAD to work in; there bein 
known in each, the ſide AB, ànd all the angles; whence the ſolution wi 
be as in Book III. 45. „ 5 8 | 


. + * i #3 7 : 


ANSWER. AD=3,58 m. Ac=5,385 m. BD=4,87 m. Bc=6,316 m. 
TT 75 : * | 1 _ 3 * —— \ 6, gs, "mp 4. - ' - 
—_— hy Or ny ou ma yy OI — — | 


bore E. and tbe other M.; then failing SSE. 1 E. 16% miles, the weſtern 


Hand bore NIP. b. N. 4 W. and the $82 =; bore NE. 2 E. Required their 
diiſtance at euch time of ſetting them. N 5 


QuesTIONn XIV. Ceafting , ſhore I obſerved two iſlands, the one 


Here are two oblique angled triangles to work in; and the ſolution 
will be as in Book III. 54; there being one ſide AB and all the angles 
AxwskR. AC=19,45 m. Ap 25,51 m. gc g 30,88 m. BD g 22,94 m. 


1 


88 
— — 


— 


Quxs rio XV. Three ſbips, B, c, n, ſail from the ſame road A, and 
bound to different ports lying in the ſame parallel of latitude; B*s courſe is 
NI. b. N. diſtance 12 miles; C's courſe ME. b. E.; and D's courſe is 
ENE. + E.. Required the diſtance of c and p from their ports, and oh the 
diftance of thoſe ports from one another. | 228 


Having deſcribed the horizon, and drawn the meridian and parallel, let 
tee ON repreſent c's port, draw the given rhumbs co, cn, 
cr: make co=12 miles; produce nc towards A, and parallel to na draw 
o B, meeting the weft line in B; draw BA parallel to oc, and draw 
AD parallel to cr, meeting the eaſt line in D: then A is the port failed 

from, and B, c, D, are the ports bound to. ES. 

The ſolutions of theſe triangles are the ſame as in Book III. 54; there 
being given one fide and all the angles. 

Thus 4 BAc 8 points, B 5 points, 4. BCA=3 points. 
The CBA Dñ qi points, CD 12 point. | 


ANSWER, AC=17,96 m. AD= 34,36 m. Bc=21,6 m. BD=39,56 m. 


94 QOQorsrios 


q 
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UESTION XVI. Two ſhips, A and B, ſail from the. port c; A ſails 


SSE. 50 miles, and 8 SIT. b. S. 40 miles: Required their We an MY: 
tance; and how far A is to the ſouthward and eaſtward FB. | 


| Deſcribe the en draw the meridian and parallel and their ! inter- 
ſection c repreſents the port failed from. 

Draw the given rhumbs, in which take ca= 50, @B=40: then. A a 
B repreſent the places to which the ſhips are come. 


Draw As; and through B draw the meridian BD, meeting the parallel 


AD drawn through A: then BD is the difference of latitude, DA the de- 


parture, and BA ſhews the bearing and diſtance ſought, 


In the triangle CBA, find the unknown angles, and ide BA by art. 60. 
Book III. 


Draw c n parallel to BA; then LScA+L.CAS (== LACn (l. 95) gives 
Cscn the bearing from B to A: and E scn taken from yo leaves BAD: 


- hence BD, DA, are found by art, 52. Book III. 


Auswzk. 5 5443,33 miles, BD 12,93 miles, e gs ls. 
And the bearing from B to A is S. 72 9 E. 


— 
— — — * * 2 2 
7 * > ** POT 


* XVII. At ſun-riſe, being four 0 chel, a a rt a 81 fo 
the WNIVV. ard a brig to the E. b. N.; they all came to anchor along-fideone 


another at nine clock, each having run ſince ſun-riſe five knots an hqur, and 
the ſhip's courſe was due north - Required the courſes ſailed by the ſloop. and 


brig, and their diſtance from the ſhip in the morniug when ſhe my them, 


Draw the Nui, and E. b. N. rhumbs as, an; aſſume any point D in 
. the meridian line for their — place, and in the ſame line take 
through A draw ac, AB, pa- 


DA=25 miles Sthe diſtance each fail 
rallel to 4 o, a u, and on p with the radius DA deſcribe a circle cutting Ac, 
AB, in c B: then A is the ſhip's place, c the floop' 85 and B the brig's, at 
four in the morning. 
Now 4 c=Z pac=4.ÞD g= points; therefore Aeg points. 
And LB L DAB Lo an =/ points; therefore L ADBS2 Ae. 
Tube ſides Ac, AB, will be found by art, 56, Book we” | 


* Ly 


5.2 | AR S470 IIS \ 


CA=19,13 miles, and c's courſe is NE. 
ANSWER. 2 A= 7 55 miles, and B's courſe i is NNW. 


— —— 


EE 3 


— 


6 XVIII. e d anchor in a very deep water, in a ris 
O Fat 
f 


2» 


wer, with a buoy and rope of 5 


24/1 had veered out 140 fathoms of cable, and then tbe buoy was 120 A 
a-head * me Required the depth of water. 


onſtruct the triangle ABC with the three given ſides, letting CAZI20 
be n to repreſent the ſurface of the water. 


Draw 


—— — * 6 — —— _ 
— ——_s — — Y — — — 


ams fired to it, I fell dium the ſtream 


Q #A. @ 


Draw Bp perpendicular to CA continued; then 8; repreſents the anchor, 
A the buoy, Cc the ſhip, and Bn the depth of the water. c 

In the triangle ac find (HI. 50) the angle acs ; then in the right 
angled triangle cDB, the fide cn and all the angles being known, the fide 
an may be found, as in art. 52. Book IIlI. 


| Answsr. The depth of water Ds is 48,71 fathoms. 


** — A 
. — — 
AY 4 $- "Is ; 


we + tis. tha Mos 8 1 * * 
6 . 7 7 


vgEsTION XIX. Coming within ſight of two headlands bearing North 
and South of each other, the ſouthern one bore from the ſbip due" Eaft, and the 
other NE. b. E.; and after ſailing due Raft 5 miles, the northern beadland 
bore NE. b. N.  E.: Riquired the diſtance of thoſe headlands from one an- 
other, and their diſtance from the ſhip at each time of ſetting them. _ 


In the eaſt and weft line take Ba=5 miles; draw the NE. 8. E. and 
NE. b. N. 4 E. rhumbs Bn, BD; through A draw Ay parallel to nn, meeting 
BDin D; draw DC perpendicular to AB continued. <+" 7 
Then p and c are the headlands; A, B, are the ſhip's places at the 
times of ſetting them, and As the diſtance failed. | | £ 
Now L a=( 4 cmz by II. 95 ) 3 points; the 4 DBC=4+ points. 
Then Z ABD=11F pts. (II. 91); 4 ADB=S+ pt. and C BDC=3F pts. 
In the triangle aBD- having the fide AB, and the angles given, find the 
ſides AD, BD, by art. 52. Book III. 3 25 
| And in the right angled triangle gc, knowing the fide BD, and all the 
angles, find the ſides Bc, 9. „ 


ANSWER. AD= 13,31 m. BD=9,565 m. Bc=6,07 m. CD=7,395 m. 


66 


* f 0 


5 
ad. 


8 — — — — — 
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QuegsTION XX. Having caſt anchor, J obſerved the bearings of a tower, 
a mill, and a-lighthouſe, known to lie due eaſt and weſt of one another; the 
tower bore MSM. the mill SIP, b. S. Z W. and the lighthouſe S. ;. V. N.; 
the diftance of the tower from the mill is 5 miles : How far are each of thoſe 
objedts diſtant from the place where I anchored? VA 3 7 


Draw the given rhumbs, Br, Bo, Bn; make BA=5Z miles ; continue 
cB till it meets An, drawn parallel to Br, in D; draw DC parallel to By - 
then D repreſents the ſhip's place, A the tower, B the mill, and c the 


lighthouſe. = | . | | 
The angles are made out, and the triangles are ſolved, as in the laſt 
queſtion, | „ ASE . 
I 1 enn, DA9,021 m. D460. m. pc 3,608 m. and 8c 1,785 
y mlles. 5 5 NE | * | me 5 8 — 
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of Sailing 70 Windward. ; 


b 


12. When the wind is dresiy or partly, againſt a thip s direct courſe 
to the place ſhe is bound to, ſhe reaches her port by a kind of zigzag, or 

2 like courſez which is made by failing with the wind Aft! on one oh of 
tte ſhip, and then on the other. l 


In a ſhip, and looking toward the e flem or bead, 2 5 {oh 85 bas 
STARBOARD ſignifies the right hand ſide. Zi „ 
I. AR BOARD the left hand a. 5 1 | 
FORWARD or AFoRE, is toward the head or gan! of the ſhip. 

Ar or ABAFT, is toward the hinder part, or ſtern. 


T he Beam * an, or acroſs, the middle of che p. 1 + 


43. When a ſhip fails the ſame way that the wind blows, heis ſaid: to 
fail or run before the wind; and the wind is ſaid to be Nga er or lebt I 
| ofters ; and her courſe is then 16 points from the wind. ö 

When the ſhip fails with the wind blowing directly Abend herd the i is 
faid to have the wind on the beam; 5 and her courſe is eight points from the 

wind: 

When the wind blows obliquely ined the ſhip, the wind is faid to be 
abaft the beam, or before the beam, according as per. courſe i is more or leſs 1 
than eight points from the wind. 4 

When a ſhip endeavours to fail towards that point of the compaſs from 
which the wind victory, the is faid to fail on a _ or to ply to wind- 
O_ a\ 77 noir 

A veſſel Giling as hear as ſho can to the * from which the wind 
blows, is ſaid to be cloſe hauled. The generality of ſhips will lie within 


about fix points of the wias f-b t loops, 0 and fome — zie will 7 3 
much nearer. | 


on & 


44. The windward, or PESTS fas, is that ſide of the ſhip on which 

the wind blows; and the other ſide is called the legward, or lee fade. 
Tacks and ſheets are large ropes made faſt to the lower corners of the 
fore and main fails, by which either of theſe corners is hauled fore or 


|; af 5 
| When a ſhip fails on a wind, the windward tacks are e always hauled 
| forward, and the leeward ſheets aft. he 1 
1 The Harboard tacks are aboard, when the ſtarboard ſide i is to widdward, a 
0 and the larboard to lee ward. | 
! | And the larboard tacks are aboard, when the n fide i 15 to windward, 
. and the ſtarboard to — | 


45. To know how near the wind a ſhip will lie; obſerve the courſe | 
E ſhe goes on each _— when * is cloſe hauled; then half the _— 


\ 


— SAILING ON A WIND! 


II | F 


— ͤ œß—ü— — 
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deR between the two courſes, will ſhew 'how neat the vind hat | 
bi will Ye. | 55 8 1 : . : 35 Bs h 


46. The moſt common caſts in turning to idw may be con- 
ſtructed by the following precepts: 

Having drawn the meridian and parallel of latitude (or eaſt and weſt 
line) in a circle repreſenting. the horizon of the place, mark the place of 
the wind in the circumference”; draw the thumb paſſing through the place 
bound to, and lay on it the diftanee of that place from the center. 

On each fide of the wind, lay off, in the circumference, the points 
or degrees ſhewing how near the wind the This can lie; and draw theſs 
humbs. _ 

8 Now the firſt courſe will be on one of theſe rhumbs according to the 
tack the ſhip leads with. Draw a line any the place bound to, pa- 
rallel to the other rhumb and meeting th * and this will ſhew the 
courſe and diſtance on the other tack. -» 

The figures referred to in this ſection Yo in Plate IX. at the end; 
where hey are marked . the _— M. the | queſtion, 


QuesT1ON I. The wind is at 3 Fe 7 am 1 to a port 25 mike | 
directly to. windward, being on my Aarboard tacts, and can lie within 6 


points of the _ What 888 be 1 a and WO on no of too racks 
to FRO: my port © HY | 


! P c 2” 


The 3 being done as 8 directed, N is the hare of the 
-wind, A the port bound to, and B the-place where the ſhip i is ſuppoſed to 
be, when the port is 25 miles to windward of her. 

Now as the ſhip leads with" her ſtarboard tacks, that is; has the wind 
blowing on her ſtarboard fide, ſhe muſt firſt fail along the line Bc drawn 
parallel to the rhumb An, which is & points from the wind; and the place 
where the other rhumb Ao, alſo 6 points from' the wind, being produced 
from A toward c, meets with nc in the point c, is the place where ſhe . 
muſt tack about to reach her port within 6 points of the wind on her lar- 
board tack. 

lere Bc being parallel to An, the Ln=( NAA by II. 95 6 points. 
And the 4 Bac=(Nao, by II. 93=) 6 points; — c points. 
Therefore, as Z. B C BAC; the fide hc ſide a. (sI. 10 


4) 
Now as one fide AB, and all the angles are siven, the ſolution falls 
under Article 45. Book III. 


Therefore, As fin Ze: AB : : fin. Z.BaAc : Bc. 
Or, As fin. 45 O0“: 25 m.:: fin. 67* 300: 32,00: 
Awsw xn the hi als} on her ſtarboard 8 . 32, 66 miles. 
e W larboard tacks ENE, 32066: miles. 


QuzsT10N 


— 


— 
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f _ QuesT1on II. A hip that is bound to a port 80 miles directly to wind. 
4 ward, then at NE. b. v 2 E. propoſes to reach her port at two boards each 
within 6 points of the wind: Required her courſe and diſtance on each tack 

ſo as ta double a rocky fbelf lying in the NIV. quarter. © , 


As the wind is in the NE. quarter, and the ſhip is to double a ſhelf in 
the N. quarter, ſhe muſt lead with her ſtarboard tacks ; and running 
from B, her preſent place, to c in a parallel to the rhumb A z, 6 points 
from w the place of the wind, ſhe then tacks for her port a, in the di- 
rection of the rhumb A, o, 6 points from 20. | | | 
- The manner of ſolution is the ſame as in the laſt queſtion. - 
ſtarboard tacks NNW. Z W. 104, 5 miles. 
larboard tacks ESE. + E. 104, 5 miles. 


| ANSWER, ſhe runs on her j 


= *** 
6 * 2 * = 9 7 6— — ” 
- 


 QuzsTION III. A foip bound to a port bearing NNE, = E. muſi double 
a cape to the eaſtward. Now fhe having run on her larboard tack 15 leagues 
within 6 points of the wind then at NM. b, E. the port bore M. b. V. 1 2 4 
It is required, how near the wind ſhe muſt lie on her ſtarboard tack, and 
what is the diſtance of the port at each time of ſetting it? | 


* 


Here A is the place of the ſhip at firſt, 3 the port bound to : AC is the 
run on the larboard tack, and cs that on the ſtarboard tack. : 
The diſtance As from the port is 10,08 leagues _ 
The run cs is 14,61 leagues, and 64 points from the wind. 


* --” 


ANSWER. 


-* a. a. ** 1 . 88 * 
27 r * - * TD CE TY- NY Py a _ 
£ - : 


TN 


| 
| 
| 


— ——— — — — 


Qs rio IV. A ſbip being hound tops port bearing SSE. and direcily 
o windward, bauing run on ber larbooha tack 831 miles within 64 points 
of. the wind, on tacking about falls in with a rock at the ſame diſtance from 
her port. What courſe muſt ſbe run on her ſtarboard tack, haw near the 
wind, and what was the ports diflance at fis? © Bows | 


| Here the ſide AC=CB; therefore CBC BAc=6+ points. 
Hence c pts. Alſo 4B= 4BAn=6;4 pts. Therefore 4 nan 
. 73 points. ES; 1 | 


2 Ans wn. | Starboard courſe E. b. N 4 . 62 points from the wind, 


The ports diſtance at firſt was 40, 47 miles. i 


3 


ld 


kD. —_—— * — _ 


QuxsT10N V. A privateer hing by with the wind at NNE. ſees a &y 
on her ſtarboard tacks, that had juſt doubled a point 18 miles to the M. b. 
N.; the floop run for her port within 6 points of the wind ; the privateer 
gave chace at the rate of eight knots an hour, and in four hours came up with 
her : Required the ſloop's rate of ſailing, and alſs the courſes of both veſſels. 


Draw BA to the E. 5. S. and equal to 18 miles; on A with 32 m. 
8 x 4, cut the rhumb Bc, drawn fax points from the wind, at w. Rm 
. 1 | | | the 


Book VII. PLANE SAILING. W 


the privateer is firſt at a, ſees the floop at x, gives chace along the line 


h AC, and takes the floop at c; and Bo drawn parallel to ac ſhews the pri- 
, vateer's courſe from the north. 5 | , S: "x ll 

Here are known two ſides, AB, Ac, and the C apc=13 points. 

g I Ihe ſloop fails NW. at the rate of 3,86 m. per hour. 

ts ANSWER. | 5 + 


The privateer's courſe N. 63* 12/ W. 


—_ —_ 4 * 
„„ m—_ —_— 88 


— — 


QuesTion VI. Being within fight of my port, bearing N. B. E. ; E. 
diftant 18 miles, a freſh gale ſprung up at N. E.; then running 48 miles on my 
larboard tacks within fix points of the wind, I tacked about : Required the courſe 

and diflance to my port. | | 


From any point a draw AB, AC, 2 to a o, a n, the N. 3. E.z E. 


| 
— and ESE. rhumbs, the latter being ſix points from the wind at NE. 
bh Make aB=18, Ac=48, and join Bc. Then the ſhip, at A, firſt ſees 
ud her port at B, and failing from A to c on the larboard, muſt go from c to 
B on the ſtarboard tacks. _. - 
Here then are known two ſides, and the included angle a=8BE points. 
R Therefore the ſolution will be in Article 48. Book II]. 
AnsweR. The ſhip has to fail 52,89 miles on a cqurſe N. 4% 427 W. 
d. e a £ 8 88 ; 2 TS * * — 
| QuesT10N VII. A ſhip bound to a port met a ſloop, that had ſailed from thence 
2h SSM. : IV. 325 miles, the wind being at N. b. E.; afterward, the ſhip having 
ty plied on her larboard tack for three days, met a veſſel which had ſailed on a direct 
ts courſe SE, b. E. J E. 412 miles, fince ſhe departed from that port: Required the 
77 ſhip's courſe and diftance between her meeting thoſe veſſels, and hqw near the wind 
hy ſbe lay. N 2 1 


Here B is the port bound to, A and c are the points where the ſhip met 


the veſſels, and Ac the diſtance run; parallel to which, a line 83 = being 
drawn, will ſhew the courſe and diſtance from the wind. 


AxswER. The diſtance Ac=524,8 m. The courſe is N. 79* 51' E. 
6; points from the wind. | . — 


— a * — „ ä — 


4 4 8 


QuesTIon VIII. Hoving my flarboard tacks on board, I met a ſnow that 


5 


72 had ſailed NE. b. N. 284 miles from the port I am bound to, and next day I met a 
b, brig which bad ſailed from thence 326 miles, with the wind then at S. 5. E., two. 
r Points abaft the beam: Required my courſe and diſtance between the meeting theſe 
th  v#/els, and haw near the wind J had lain. 5 
Ss | 

Here s is the port, A and c the places of meeting. 
— There are known two ſides and the contained angle. 6 
n | The ſhip had failed S. 64 67 E. 44 pts. from the wind. 
G ANSWER. { The diſtance run yas 12549 miles, be 


QuxsTIOoN 
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Qpxsriox IX. The wind at SI. and a fhip plying to windward, after 
running 450 miles on her larboard tacks, and 450 on her flarboard tacks, find; 
ſhe has got 300 miles direttly to windward : What were her courſes, and how 
near the wind? = V 


% # . 
as. ci a FP 


From any point A draw AB 300 miles, and parallel to the wind rhumb 
1 aww; on A, B, with 450 miles, deſcribe arcs cutting in c ; then the lines 
=—_— AC, CB, being drawn, will ſhew the diſtances run on each tac. 
The point c is taken towards the MW. quarter, as the ſhip leads with 
her larboard tacks ; but had ſhe led with her ſtarboard, the point c muſt 
| have been taken toward the SE. quarter. - 5 5 
The rhumbs as an, being drawn parallel to Ac, cs, will ſhew the 
_ courſes on each tack. ES a 5 5 
Here are the three ſides given to find the angles; but two of the ſides 
being equal, the ſolution is readily performed, as in Art. 64. Book III. 


| | Courſe on larb. is N. 64 28/ W. 


Courſe on ſtarb. is S. 25 32 E. { 67 pts. from the wind, 


— 


QuEsT1on X. 4 pirate gave chaſe to a ſloop, 15 miles a- head to the VSI. 
and both on their flarbord tacks, the wind at M.; the ſloop finding ſhe lf way, 
tacked about for an iſland in the NW. quarter, 11 miles diſtant from her, and1 

from the pirate: Required how near the wind the ſloop muſt run to fetch the iſland, 
and whether the pirate can lie up for it or not. 

1 The ſloop's courſe is N. 10 05/ E. 5 pts. from the wind. 

ANSWER. 1 pirate's courſe is N. 66? 54/ W. 2 pts. from the wind. 

| Therefore he cannot fetch the iſland. TR 


** 


W * 


— 


— — 


| QuEsTIon XI. Being on a NE. courſe with my larboard tacks on board, an 

| | - iſland bore SM. diftant 12 miles, and my port bore MV. ; the diſtance of the 
| | and and port is 40 miles: now the wind is at NM. 2 MV. and I can lie no 
nearer the ind than b points: Required how far I muſt run on my preſent courſe 
Before I tack about, and alſo the courſe and diſtance I have then to ſteer. 


In a S. rhumb, from any point a, take ac=12 miles; and on c with 

a diſtance of 40 miles cut AB drawn parallel to the VNV. rhumb an; now 

the rhumb 30 being taken 64 points from the wind, through B draw BD 
. parallel to ao, meeting CA continued in D. | T 

; | Then is the ſhip's place, c the iſland, B; the port bound to; Ap is the 

| .. diſtance to run on her larboard tacks, and BD on the ſtarboard. | 

In the triangle CBA there are known Ca, ch, and /CaB=2Z Ca n= 

| +, IO pts. ; then finding as (III. 57) in the triangle Agn, one fide and all the 
1 | angles being known, the ſides aD, Ds, are found, as in Art. 54. B. III. 

| he CDS A= pts. LBADEZ CLD pts. LABD=7 pts. 
| i | The diſtance run on the NE. courſe is 30, 5 miles. | 
| x1 4 1 f On the ſtarboard ſne muſt run W. b. So 56,28 miles. 


. | QuesT10N 


es. 


10N 


18 miles to the NE. b. 1 r eight mile: e SE. | 
on her larboard tacks, within 6+ points of the wind, then at SE. b. E.: 
quired how far ſhe muſt run to bring the lighthouſes to. bear in one line; and 


diſtance run to ſee them in one right line p; A; then a 
parallel to DA, ſhews their bearing at that time. 


| Book III. 


ANxswER. 


cut AB, drawn parallel to ce the 88 E. rhumb, and x; is the port the 
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VESTION XII. A ſhip ſailing cleſe by a point ſees, twa lighthouſes, one 
A E. 5. E. the other eight miles wn Jet b. S. ; wr ſhip i 
2 

what will be the bearing and diftances of them from the ſhip at that time. 


2 
*. 


From any point c draw. Ca parallel to a » the NE. b. E. rhumb, and 


equal to 18 miles; alſo draw cs parallel to a 0 the 8E. b. S. rhumb, and 
equal to eight miles; join AB, and produce it until it meets the line CD, 
drawn parallel to a r, a rhumb 6 f points from the wind at SE. - + 
Then c is the ſhip's place at firſt; A, B, are the phy. hoon cD the 
rhumb a 5, drawn 


In the triangle AcB, knowing two ſides and the included Cc 2 nas 
=8 points, the other angles and fide AB is found, as in Art. 46. B. III. 
In the triangle Acp, knowing CA, the 4 AcD= Lnar 213 f points; 
alſo the E. a found before; the diſtance cp, AD, are found, as in Art. 55. 


The ſhip runs on her larboard S. b. W. 4 W. diſt. 23, 38 m. 


ame- | The the lighthouſes bear N. 32 17 E. 


The diſtance of A being 38,66 miles, and of B, 18, 96 miles. 


a. _—__— 3 — — — — — 8 
—_—_—_}— 
*“. — 
— ——— 


2 Ama 


Quks Tro XIII. A ſhip wants to reach a port bearing SM. b. S. at 
two boards, but muſt double a point bearing S. b, E. the point being 25 miles 
to the NE. b. E. of the port; the ſhip can lie no nearer the wind, now at 
SM. than 6+ points: Required her courſe and diſtance on each tack. 


Take c the point, 25 miles to the NE. b. E. of 83 the port; through 
c draw CA parallel to Bn the S. b. E. rhumb, and its meeting with os 
the SW, b. S. rhumb produced northward, gives A the ſhip's place 
then Ap and DB being drawn in the direction of the rhumbs Bs, Br, 
6 2 points from the wind at w, ſhew the runs on each tack. | 

In the triangle apc, there are known Bc, 4. BAC= CBA points, 
L£ ABC=2 points, /.C=10 points; then AB is found, as in Art. 55. B. III. 
In the triangle app, as is now known, BAD Sg Z oB 5 & points, 
CAB DS Cor 7 2 points, 2D 23 poĩnts; hence AD, DB, are found, 
as in Article 55. Book III. | | | 

; Courſe on ſtarboard is SSE. ZE E. diſtance 58,51 miles. 

Courſe on larboard is NW. b. W. 2 W. diſt. 51,85 miles, 


Qs Tron XIV. A privateer Hing behind a low point which was 6 miles 
to the SM. b. M. of her, ſees a ſhip to the SSE. coming out of a port 18 miles 


—_ n — - — — ———— — * 2 * „* 


8 
K — 


diſiant from the point; the ſhip fleered NM. with a briſt gale at SSIW. 


the privateer ſlipt his cable, and gave chace within 6 & points of the wind, 
and takes her: How far had each run when they met ® 5-0 


Take A, v miles to the NE. b. E. of c the point; from c with 18 miles 


ſhip 


ou TTT, ETD * 


48 PLANE SAILING. Book VII. 


ſhip failed from; then Ap drawn 6 4 points from the wind, meeting nb, 
drawn NW. the interſection p is the place where the privateer meets 
_ the flip. oe | | | "ER, 
Re the triangle Ack, is given AC, CB, and ( cAB = CLA =/ points, to 
d AB. ON | | 
Then in A ABD, where DAB Cxrco Io; points, /-DBA=2 points; 
LAB 33 points; find the ſides AD, BD, as in Article 55. Book III. 


I The ſhip had failed NW. diſtance 25,27 miles. 
ANSWER. j The privateer failed W. b. N. 2 W. diſtance 10, 96 miles, 


Aa ot aol IR L IN 8 


— — 2» 
2 *» 


Qo Es TION XV. A ſhip that can lie within 6 points of the wind, ſees 
a headland 21 miles to the NE. which ſbe is to weather, in order to reach an f 
land, ꝙ miles to windward thereof; the wind being at eaftl : What courſe, ; 
and how far muſt ſhe go on each tack, ſhe leading with the flarboard ? « 


Draw BA=2r m. to the SW. Bc=q m. to the Eaſt, join ac; draw 
Ap, CD, each 6 points from the wind; then A is the ſhip's place, B the 
headland, c the iſland, AD the run on the ſtarboard tack, and pc that on 
the larboard. | | EE | 
In the A ABC, is given BA, Bc, 4. ABC=12 points to find the other 
£.5, and AC. | | | | 1 
Then in the A AcD, is known ac, and all the angles, to find An, Dc. 
Thus £D=4 pts.; C DCA=ZDCB + £ BCA; £4 CAD= £ BAD + £ BAC, 


1 | t 

| On the ſtarboard ſhe runs 39,19 miles on the NNE. rhumb, * 
ANSWER. j On the larboard ſhe runs 23,12 miles on the SSE. rhumb. 5 
| | h 

— —— — — = l 


— QuesT1on XVI. There is a certain port, to ſail into which you mufl | 
bring the port and a mill, 4 miles to the eaſt thereof, to bear due weſt ; at 
which time a beacon, 5 miles to the NE. b. M f E. of the mill, muſt bear l 
N. 5. E. 2 E; you then fleer direcii) for the beacon, and from thence to the 
port: Reguired the beſt wind, in the NV. quarter, for a ſhip that goes 
equally well on both tacks, together with the diſtance ſhe muſt run on each tack 
from the ſaid ſituation to the port. | 8 


In the W. rhumb take Bc =4 miles, and in the NE. b. N. E. rhumb 
take BO=5 miles, join Dc, and parallel to the N. b. E. + E. rhumb 


n, draw DA, meeting CB continued in A. 
Then Cc is the port, B the mill, p the beacon, and A the ſhip's place. 
In the A PAD, is given BD and all the angles, to find ap. 
1 the A CBD, is given BC, BD, and angle CBp, to find the other angles 
and DC. | | 


Draw the rhumb By parallel to pc; then the 4.nB0 being biſectech 
will gi ve the place of the wind as required. Im 


| { She will run on her larb. N. b. E. 1 E. diſtance 4,105 miles. 
ANSWER. . her ſtarb. 8. 67 40“ W. diſtance 8,145 miles. 

is beſt wind is that blowing from the NW. 2 W. nearly. 

| Be QuesT1ON 
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QuzsTION XVII. 4 hip in doubling a point direfly to the eaſt of her 
port, ſees a lighthaiſe bearing NNW. Z I. which fhe knows lies NE. 5. N. 
: E. from the port, ana is 10, miles to the NE. by E. 1 E. of a beacon bear- 
ing due worth of her. port; the wind is at IV. by N. 4 IV. and fhe can lie 
within five points: Required ber diſtance on each tack, ſuppoſing that ſhe 
leads with the larboard, and keeps claſe to the lighthouſe when jhe tacks. 

Wy : * 5 : : P ; . \ . 


Let Dp be the beacon ; make per 10 miles in the NE. b. E. 4 E. 
rhumb, and c will be the lighthouſe ; draw cs parallel to the ME. b. N. 
3. E.chumb, pu, and its interſection B with the S. rhumb Ds is the port; 
through B and c, lines being drawn parallel to the E. and NNIP, 2 JF. 
rhumbs, their igterſection, js the place of the ſhip,  - Ge 
In the A cBD there is given Dc, and all the angles; hence ze may be 


found, (DV Se ii. © ode als int 
In the: A _cBA there is known cz, and all the angles; hence Ac is 
found, as in Article 55, Book III. | | 


- - 


Here 4 DBC=3+ points, CBDc Slot points, 4. DcB=2L points. 
And £ZABC=44 points, C nA 51 points, 4: AcB=6 points. 


The diſtance on the larboard tack is I2;49 miles. 


ANSWER: ; The diſtance on the ſtarboard tack is 14,25 miles. 


m—_ — — 


 QuesTION XVIII. A ſbip that can lie on either tack within fix points of 
the wind, then at ESE., having her ſtarboard tacks aboard, ſees her port di- 
rectly to windward, and d headiand that lies b miles to the VM. of her port, 
bore E. b. N.; now jhe wants to reach her port at two boards : Required 
her courſe and diftance on each, and alſo the bearing and diſtance of the head= 
land when ſhe tacks: | | | 

Let c be the headland, and B, ſix miles to the SE. be the port; through 
c.and B draw lines parallel to the E. b. N. and ESE. rhumbs, their in- 
terſection A is the ſhip's place; lines drawn through A and B, parallel to 
the rhumbs, ſix points from the wind, will meet in Þ, the place where the 
ſkip muſt. tack; draw dc, and this ſhews the poſition and diſtance of the 
headland from the ſhip when ſhe tacks. 1 „ 

In the A Acs is given ze and all the angles; find az=8,979. 

In the A ABD is known AB and all the angles; find Ab, BD. | 

In the A BCD. is known BC, BD, and 4. CBD; find the other angles 
and op. Ly. | 

Here £4 Aci points, CAB EZ points, C ABC=2 points. 

The. 4 BAD= 6 points, ABD g= points, 4 ADB=4. points, and 
£ CBD =4 points. „ . 

| * C Ship runs on ſtarboard 11,73 miles NE. 

DOS! -._ -. _. Jarboard 11,73 miles 8. SEE, 

Headland bears when ſhe tacks S. 2932 W. diſt. 8,607 m. 


Vor. II. 5 : = _ QuesTION 


7 »\ 
ed a gt 1.5 ay — * 


the two laſt, are omitted here, to exerciſe the learner's ſkill. 


| Asvwae. Cour on larboard is NW. b. W. 21 W. 16,054 miles. 
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QuesTIon XIX. A. hip, on her ſtarboard tacks, paſſing by a point, ſou 
ber port eight miles to the E. b. N. and at the ſame time a cliff, which lay 
to the N. b. M. of the port, bore N.b. E.; the ſhip could lie within 64 
Points of the wind, then at NE. ö. E. Z E. on her ſlarboard tack, and with-\ 


in ſeven points on the larboard; ſhe propoſes to reach the port on two boards : | 


Required her courſe and diftance on each, together with the bearing and diſ. 
tance of the cliff when ſhe tacks about, " 


Here the point c is taken for the cliff, in order to bring the figure 
within the limits; but if a, repreſenting the ſhip's place, was taken at 
the center, the conſtruction would be more ſimple. 5 

In the E. ö. N. rhumb, take ca=8 miles; draw as parallel to the 


S. 5. W. meeting cs, drawn SE. 6. E. in B, which is the port bound 


to; draw BA parallel to ac, meeting the 8. ö. W. rhumb in A, which is 
the ſhip's place; through A draw Ap, parallel to a rhumb 64 points 
from the wind, and through B draw By parallel to a rhumb ſeven points 
from the wind, their meeting p is the place where the ſhip is to tack; ! 
then Dc being drawn, ſhews the bearing and diſtance of the cliff from the 
ſhip when ſhe tacks. DD 8 * 

n the A CAB, is given gc AB and all the angles, to find c A=, 123. 


In the A Asp, is given AB and all the angles, to find as, BD. 


* the A ACD, is known Ac, AD, and £ CAD, to find the other angles | 
and CD. J 3 


Courſe on ftarboard is N. b. W. diſtance 14,96 miles. 


X 


"ANSWER, | Cour on larboard is SE. b. S. 2 E. diſtance 16,97 miles. 


> 


C The cliff on tacking bore S. 25 21“ E diſt. 9,596 miles. 


x 
99 ä * — 83 0 18 
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QuvesTION XX. A ſloop at ſea diſcovers two beacons at the extremities of 
a ſboal, the one bearing W. b. S. and the other, which bore S. was nine 
males to the S. E b. S. of the northern beacon; the port bound to is t notion to | 
lie . b. N. of one beacon, and S. b. M. of the other, and the veſſel can lie 
within 6X points of the wind, then at &.: Requirdd the courſe and diſtance 1 
on each of two boards to gain her port; and alſo her bearing and diſtanct 


from the port when ſhe firſt ſaw the beacons. 


The conſtruction and ſolution of this queſtion being not much unlike | 


Courſe on ſtarboard is SSE. Z E. diſtance 16,785 miles. 
Port bore S. 4048“ W. diſtance 9,56 miles. 


5ECTION | 
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1 n uf 
Of Sailing in Currents. 


47. A Current or Tips is a progreſſive motion of the water, 
cauſing all floating bodies to move that way toward which the ftream is 
directed. | | 

The ſetting of a tide, or current, is that point of the compaſs toward 
which the water runs; and the drift of a current is the rate it runs per 
hour. | 1 a . 

The ſetting and drift of the moſt remarkable tides and currents are 
pretty well known; but in unknown currents the uſual way to find the 
ſetting and drift, is thus: / | | 

Let three or four men take a boat a little way from the ſhip ; and by 
a rope, faſtened to the boat's ſtem, let down a heavy iron pot, or loaded 
kettle, into the ſea, to the depth of 80 or 100 fathoms, when it can be: 
the boat will by this means ride almoſt as ſteady as at anchor. Then 
heave the log, and the number of knots run out in half a minute will 
give the miles which the. current runs per hour; and the bearing of the 
log ſhews the ſetting of the current. | 


48. A body moving in a current may be conſidered in three caſes: 
Namely, Moving with, or the ſame way the current ſets. 
| Moving againſt, or the contrary way to that which the current 
ſets. - | 7 
Moving obliquely to the current's motion. 
When a ſhip fails with the current, it's velocity will be equal to the 
{um of it's proper motion and the current's drift. Po 
When a ſhip fails againſt a current, its velocity will be equal to the 
difference of the current's drift and its own motion. 
So that if the current drives ſtronger than the wind, the ſhip will drive 
aſtern, or loſe way. Z ; 5 
When the courſe ſet is oblique to the motion of the current, the ſhip's _ 
real courſe, or that made good, will be ſomewhere between that in which 
the ſhip endeavours to go, and the track in which the current tries to 
drive it: that is, it will always be along the diagonal of a parallelogram, 
in which one ſide repreſents the diſtance run by the ſhip, and the other ad 
joining fide is the current's drift in the ſame time. | 
For ſuppoſe asDc be a parallelogram, the dia- A B 
gonal of which is AD. | | 
Now if the wind alone would drive the ſhip from 
A to B, in the ſame time as the current alone would 
drive it from A to o. 2 
Then as the wind neither helps nor hinders the x 


ſhip from coming toward the line op, the current will bring it there in 
the ſame time as if the wind did not act. & | | 
And as the current neither helps nor hinders the ſhip from coming 
toward the line BD, the wind will bring it there in the ſame time as if 
| -S ; | 


de current did not art. | 
7 5 E 2 Therefore 


$2 |. PLANE SAILING. Book VII 


Therefore the ſhip muſt, at the an .of that time, be found in both 


thoſe lines, that is, in their meeting D. 


* the ſhip muſt have paſſed from A to D in the dage- 
nal AD. | 8 | 


49. When the ſhip's courſe and diſtance boy account, and the ſetting 
and drift of the current, are given, the true courſe and diſtance of the 
ſhip may be found, either by working a traverſe, in which the ſetting 
and drift of the current are uſed as a courſe and diſtance; or by a trigo- 
nometrical ſolution of the uriangles forming the figure: which is thus 
conſtructed. 

From the center of a circle draw the ſhip's proper courſe and diſtance, 
and the current's ſetting and drift; with theſe two lines form a parallello- 


gram, and from the center draw a diagonal, which will ſhe w the ſhip's 
real cour:;e and diſtance. 


50, It may frequently happen, that a ſhip i is plying to windward acroſs 
a tide's way. In ſuch caſes, | 


Firſt conſtruct the figure for the plying to windward, 

Then with the courſe on cach tack, and the ſetting of the current, 
form parallelograins; in each of which one lice muſt be the ſhip's rate, 
and the other the current's drift. 

And lines diawn to meet one another from the center and port bound 
to, parallel to the diagonals of thoſe parallelograms, will ſhew the courſes 
and diſtances which the ſhip muſt run on each tack, © * 

The figures referred to in this ſection are at the _ in Plate X, 
wbele they are marked by the number of the queſtion. 


Qpnorion I. 4 ſhip ſail E. be QuEsT10n II. A ſhip fails SSIV. 
miles an hour, in a tide filing the with a briſt gale, at the rate of nine 
ſame way four miles an Re-| miles an hour, in a current ſetting 
_ quired the ſbip's courſe, and the diſ- NNE. twa miles an hour: Required 


tance made good. the ſhip's "_— di owe made 
| - goad. | 


The ſhip's motion is s m. E. The ſhip's motion is SSW. g m. 
The current's motion is 4 m. E. The current's mot. is NNE. 2 m. 


7 — — 


The ſhip's true run is 9 m. E. The ſnip's true run is 88S W. 7 m. 


In this caſe, as the ſhip ſails from Here, becauſe the ſhip ſails in 2 


A, the fame way the tide ſets; there-contrary direction to the tide, its 
fore her motion will be quickened as |real motion will be flower than it 


much as the tide's motion is. appears to be by the drift of the cur- 
rent, 
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Fl QuzsTION III. At ten 9'cleck in the forenoon, a ſhip that was running 
four miles an hour, came in ſight of her port, bearing ENZE. ; but finding, 
at three o'clock in the afternoon, that ſhe had made no way, ſuſpected a cur- 


rent, which on trial was found to ſet M&M. five miles an hour: Fhat had 
been the courſe and real run of the ſhip during that time? | 


In this caſe, had there been no current, the ſhip in five hpurs would 
have gone a- head 20 miles from A to 8: and had ſhe been becalmed, ſhe 
would have driven with the current 25 miles from A to c: conſequently 
the difference, AD, of theſe two motions, is the diſtance the ſhip has run 
that is, ſhe has driven aſtern five miles. 


— &. 
TOUS 1 ki 
— 


QUESTION IV. A pip in daubling a cape meets a flrong tide ſetting SE.; 
after running SW. 18 miles by the log, the cape. bore N. 7 F. Required 
the diſtance of the cape, and the drift of the current, | Op 


From A the cape, and center of the horizon, draw AB the S. rhumb, 
equal to 18 miles; through s draw Bc parallel to the ſetting of the tide, 
or S. E. rhumb an; then ac being drawn S. 4 V., its interſection, c, 
with Bc, ſhews the ſhip's place; and that ſhe has run the line ac while 
the tide ran the length of Bc, cr An. | 

In the triangle ABC there is given AB and all the angles, to find Ac, 
BC. _— 

The 4 B=8 points, 4. BAC=3+ points, 4. ACB=44 points, 


The ſhip has run 22,41 miles 8. 3 W. 
ANSWERS ; The tide has run 1 3,35 miles SE. 


— 
— A. 


QuesTIon V. A ſhip falling in with a current that ſet NV. 2 V. 
diſcovers a riff of rocks on the larboard, the eaſtern point of which is nine 
miles to the NE. b. N. E.; and can be weathered by fleering E. b. S.. 
Required the diſtanct the ſbip muſt run by the log, and alſo the drift of the 


current, 


Here a is the ſhip's place, c the eaſtern point of the rocks to be wea- 
thered, AB the courfe ſhe muſt ſhape in order to run along the line ac, 
which is the diagonal of the parallelogram formed by As, the ſuppoſed 
run of the ſhip, and An, the current's drift. 


| { The apparent run by the log is 10,76 miles. 
No 32 0 Md the drift of the current is 10,27 miles. 


8 


8 


QugsTION VI. A hip in croſſing the mouth of a river, into which the 
tide ſet due eaſt, ſalis from a buoy on the ſouth fide, NE. 10 miles, and then 


falls in with another buoy on the north fide, diſtant from the fit 15 miles 


Required the ſhip's courſe, with the 1 of the current, 
| 8 „„ * 


. 


* 


and BC = 30 (3x 10.) 
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In the SV. rhumb take Ba=10 miles ; on A, with 15 miles, cut the 
E. rhumb, Bc, in c: then A repreſents the ſouthern buoy, c the northern 
one; AB is the ſhip's ſuppoſed run, ac the real run, and Bc the drift of 
the tide. | CE 8 5 

Here there are given AB 10, Ac 15, the £B=12 points. 


The ſhip's courſe is N. 61˙ 527 E. 
ANSWER. | The tide's drift is 6,161 miles. 


„ i Y 2. 


over @ you point 284 miles _ the cape : Required the diſtance between 
e 


and diſtance made good? 


—— 


Quxsriox VII. At 11 clock in the evening, a lighthouſe bore & M. b. . 
and ſtrong tide was ſetting NSM. 2 M. at the rate of 34 miles an hour; 
we ſleered diretily for the lighthouſe, and at four in the morning we paſſed 
the lighthouſe and cape, alſo the courſe the ſhip has run. 

In the ENE. L E. rhumb, take BAZ 15 f miles (=3: x5) for the 
tide's drift. On A with 28 miles cut the SY. b. S. rhumb in c the 


ſandy point; through A and c draw lines parallel to Bc, AB, and their 
inter ſection p is the lighthouſe. 


: The diſtance Ap or Bc is 12 72 miles. 
Aux. | The ſhip's courſe along ac is S. 56* 41 W. 


— 


TY 


QuesTIon VIII. A ſhip running ſouth at the rate of five miles an hour, 
in ten hours croſſes a current, which all that time was ſetting eaſt at the rate 
of three miles an hour: Required the ſhip's true courſe and diſtance ſailed. 


Here the ſhip is firſt ſuppoſed to be at A, her imaginary courſe is along 
the line AB; but her real courſe is along the line Ac, the diagonal of the 
parallelogram, the known ſides of which are aB=50 miles (=10 x5), 


Aus w ER. The courſe is S. 30? 58/ E. diſtance 58,31 miles. 


—_— — 


* 


1 — 


— 


| QuzsTION IX. Suppoſe that in 24 hours a ſhip ſails NE. 100 miles by 
the log, in a current ſetting E. b. S. 1} miles an hour: What is the courſe 


Draw AB NE, and equal to 100 miles, through ; draw Be parallel to 
the E. b. S. rhumb, and make it 42 miles (14 * 24); then draw Ac, 
which ſhews the true run of the ſhip from A. | | 


Here are given two ſides, AB, Bc, and Z_ B=11 points. 


ANSWER. The courſe is N. 60* 49/ E. diſtance 128,2 miles. 


Qs Trion 


] to 
AC, 
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Book VII. 
QuesTION X. 4 ſhip departs from her port at 8 o'clock in the evening, 
end ſails before the wind, then at NNIF. at the rate of 3% knots an hour, 


in a tide which runs at the / wp rate toward the eaſtward; and next day at 


PLANE SAILING N 


noon ſhe found herſelf 84 mi 
and the ſetting of the tide. 


In the NMW. rhumb take BA 56 miles (31 x16 h.); en A, with 
84 miles, cut an arc deſcribed from B with 56 miles, their interſection¶ 
is the place the ſhip is come to, A being the port ſailed from, as the ima- 
ginary run before the wind, 6c the drift of the current, and Ac the rea? 
run of the ſhip. | IS 

Here BA Bc, and the ſolution is as in Article 63. Book III. 


© The ſhip's true courſe is S. 64? 55 E. 
ung 1 The ſetting of the current is N. 74* 49 . 


* - —— 


* * * — — — —_— — * —_— 


QuesrTr1on XI. A ſhip departs in the evening for an iſland, 46 miles to 
the I/SW. but by a ſtrong tide running to the ſouthward, ſhe found herſelf 


next morning on a ſhoal 65 miles from her departed port, amd 34 miles from 


the and: Required the bearing of her port, and the ſetting of the tide. 


Here A is the port failed from, B the iſland bound to, e the ſhoal come 
to; the conſtruction is as in the laſt, and the ſolution as in Art. 62. III. 


The port bears N. 37* 37“ E. 


A— The current ſets S. 4 46' E. 


1 * 


. — 


QuksTION XII. 4 ſhip, in latitude 41 1%, 75 bound to a port in lati- 


tude 46* 30“ N. hing 258 miles to the weſt; where being arrived, ſhe finds 


by her dead reckoning that ſhe has made 384 miles of northing, and 206 miles 
of weſting : Required the ſetting and drift of the current that occaſioned this 
difference. | | 


Here, by the dead reckoning, the ſhip ſhould have gone from a to B; 
but ſhe being arrived at the port c, the drift of the current will be repre- 
ſented by the line Bc, and its ſetting by the angle F8c in the right angled 


triangle Bc; the legs of which, BF, Fc, being the differences between 


the real and imaginary differences of latitude and departures. 


For, the current ſetting ſouthward, will cauſe the ſhip to be longer in 


getting to the northward, and increaſe her account of northing; and by 
its ſetting weſtward, it will quicken the ſhip's motion that way more than 
her account will ſhew. 8 


ANSWER. The current's courſe is S, 35 50“ W. and drift 88, 82 m. 


Tai: QuesT10N 


es from her port: Required the ſhip's true courſe, 


+ 
1 
1 
. 
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QuesTrIon XIII. A pip from a place in latitude-37* 40 M, ſails. SSIV. 
diſtance 48 miles in 10 hours; then ESE. 72 miles in 14 hours; and hes 
ail the time been in a current ſetting SS. 15 mile an hour: Required the 
ſhip's preſent latitude and departure, together with the direct courſe and diſ- 
tance ſhe has ſailed. fn „ 8 
As the current has run 14 mile an hour for 24 hours, its whole drift is 
26 miles. 7 V 
The beſt way of ſolving this queſtion is to conſider the current as ano. 
ther courſe and diſtance, and then with the three courſes and diſtances 
*form.a traverſe table, as ſhewn in Article 36. | | 


TR AVERSE TABLE. 


Courſes. D.] N. ö 8. | E. | W.] The ſouthing and eaſting which 
e 78 0 8 NT” = the ſhiphas made. being thus known, 
#74 ja 4 ow OY the direct courſe and diſtance will 
SSW. | 0 3 12.80 be found as in Art. 33. = 
Enna fo 3 33-9} = Here the ſhip depatts from a, 
| 2 66,c| 22,2 and is come to c; Af being the 
5 | 25 = oy diff. lat. and BC the eguamure, 


— — — — — — |} 


——— — 


| 4 34-3] . 
The preſent latitude is 355 55 N. departure 34, 3 miles. 
Ars wg. Dire& courſe is S. 18® P E. diſtance 1 5 
QutsTION XIV. Yeſterday noon we were in latitude 28" 14 N. and 
have ſailed till this day noon the following courſes, viz. SSE. Z E. 24 miles; 
NE. b. E. 4 E. 15 miles; ESE. 1 E. 45 miles; and all this time were in 
@ current, ſetting S. b. W. 1% miles an hour : Required the ſbip's preſent 
latitude, departure, diret? courſe, and diſtance. | Br 


| TRAVERSE TABLE. 


JO. "I 


{ Courſes. D. N. | s. E. PR Ee CANO 
Es la 12 | Gan! tak Here the current being confidered 


— — — — — — — 


SE. F. 5 1 as a courſe, tte traverſe table gives 
NE. b. E. 2E. 15 7,1 13, the diff. lat. =70,5 miles. 
ESE. 4 E. 45 15,2 42,4 And the departure = 58, 7 miles. 
S. b. W. {42 41,2 8,2] And hence the direct courſe is 8. 


— nm — — — 39* 47 E. and the diſtance is 91,73 
15 7.1 77,06, 9 8,2] miles. 1 | 
| 721 8.2 


D. lat. 70,5 5 8, 7 Dep. | CO - 5 


6 
| 
| 


| 


In any queſtion, where there are given one or more courſes and diſ- 
tances ſailed, and alſo the ſetting and drift of the current, the work may 
be performed as above. - 55 __ 

T he reaſon of this is pretty evident; for as each courſe and diſtance is 
affected by the current, therefore inſtead of correcting them one by one, 
as ſhewn in moſt of the preceding queſtions, they may be all allowed for 
e way by making a courſe and diſtance of the ſetting 2nd drift of the 
Current. 5 | | | | 


* 5 QUESTION 


=. 
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port on a S&M. cour 
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QUESTION. XV. 4 tight o*cloek in the evening, a ſhip ſailed from her 
e four miles an hour; a frrang tide was then ſetting | 
between the S. and I.; and at fix & clock in the morning ſhe paſſed by a rock 
70 miles to the weſtward, and bo miles to the fouthward of her Pry: Re- 
quired the ſetting and drift per hour of the tide, | 


With 60 miles as a diff. lat. and 70 miles a8 * departure, find 4 
place of the rock at e; A being the place ſailed from; in the SS. 
rhumb take ABZ40: (x 10); draw BC, Ac: then AB is the ſuppoſed 
run, AC the real run, and Bc the drift of the tide. | 

In the A ADC, is given AD, BC, Lp; to find the C a 1 Ac 92. 

In the A ABC, is known AC, AB, L.CAB ; ; to find L c and BC=59,37- 


ANSWER. The tide ſet S. 67 0g' W. and ran 1 5:937 miles an hour. 


* - ws 
—— — 
9 * — — 


QuesTION XVI. 4 1 | fr o'clock in the forenoon a 55 ek a cape 
in latitude 46 32' N.; and having run SE. b. S. 24 miles. by the bog in a 
current, found herſelf at noon in latitude 46* 17' NM. and the cape bore 
NM. NIV. Required the ſetting and drift of the current. 


Make Ap S the diff. lat.; draw the departure De, meeting the ESE. 
thumb in c; draw AB, SE. b. S. and equal to 24 miles, and join Bc. 
Then à is the cape, c the place come to, AB the ſuppoſed dun, BC the 


drift of the current, and AC the real run. 


In the A Ape, there is given AD and the angles; to. find Ac 3972. 

In the AABC, there is known AB, AC, CBAc; to find the angles, and 
Bc 23, 41 m. 

Then drawing the DJ A n parallel to Bc, it ſhews t the petting of the 
current, X | 


ANSWER, The current ſets N. 7 E. and runs 3,0 miles an hour. 


— 


— neſ „ — 9 U 4 — 
5 - 9 » —_ a 


Oos ion XVII. 4 Ap benny bound ow Dove to Calais, which lies 


21 miles to the SE. b. E. 2 E.; and the tide of flood ſetting NE. 2 E., 22 


miles an hour : 
run by the log, at the rate of fix miles an hour, to reach her port. 


Required the. caurſe ſhe muſt ſteer, and the di Aance he muſt 


In the poſition of the . rhumb draw DC=21 miles; and 
parallel to the NE. 2 E. rhumb draw DE= 22 miles; on E, with fix 
miles, cut Dc in F draw DB parallel to EF, meeting CB, drawn parallel 


to DE. 


Then p is Dover, c Calais; and the ſhip, by trying to ſail along the 
line p, will be driven between it and the direction of the current in the 


line pe. 


AxswER. The ſhip muſt ſail S. 39 14“ E. and will run by the 1 
$941 m. 


QUESTION 
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Qouxs rio XVIII. Yefterday noon we were in latitude 42" 20 MV. a 
this day at noon find ourſelves in latitude 41 10. N.; by our account we haut 
failed SW. b. S. 189 miles, and all the time have been in a current ſetting } 
NIW. : Required the ſhip's direct courſe and diſtance, with the currem's drift | 
Per hour. | 8 IJ 


Take aD=70 miles, the diff. lat.; draw AB parallel to a n, the &. 
B. S. rhumb, and equal to 189 miles; through B draw Bc parallel to the 
N rhumb @ e, meeting the departure pc, and join Ac. Y 
Then the ſhip from Aa ſuppoſes herſelf failing along AB; but by the 
action of the current is driven along ac. 6 3 
In the A ADB, there is given AD, AB, 4 BAD: Required the angles and 
DB=130,4 . 5 555 "x 
In the A pzc, there is known DB and the angles; to find pc=192 3 
and Bc 123, 1. — "= 
In the A Apc, there is known AD, DC, £ ADC; to find the angles and 
AC=204,4. | | Pg = 4 
| | The courſe is S. 69® ß8 W. diſtance 204, 4 miles. 
Aswan. The current's drift — hour is 5, 13 miles. | 


GE EIT 


——— 


Qvxsriox XIX. There are two ports which lie 270 miles to the north | 
and ſouth of one another; a ſhip ſails from the northern port, with her far. 
board tacks aboard, within 72 degrees of the wind, then at F., at the rate if / 
four miles an hour, in a current that ſets ſouth, two miles an hour : Requirad * 
ber courſe and diſtance on each of two tacks to reach the ſouthern part. 


Draw the line Ap through r, the center of the horizon, S. 72 E. and 
from any point, A, in that line, draw AB, due ſouth, and =270 miles; 
through B draw BD parallel to F n, a rhumb 72* from the wind; then if 
there were no current, the ſhip muſt have failed from A to p on the ſtar- 
board, and from p to B on the larboard tacks : but to allow for the cur- 
rent, take F a=2 miles, draw ac, a c, parallel to F p, Fu, and make ac, 
ac, each =4 miles; draw the diagonals Fc, Fc, of thoſe parallelo- 
grams ; then through A and B, lines drawn parallel to F c, Fc, meeting 
in c, will ſhew the run of the ſhip on each tack. | J 
Here the triangles F ac, F ac, being congruous by conſtruction, there- 
fore the CAB (Lac) is equal to C cBa (a Fc). 3 

Now in the triangle a Fc, there is given a F, ac, and F ac=108*; | 
from whence the other angles are known; viz. Ca Fc =40 37%. And 
in the triangle ABc there are known the ſide AB, and all the angles, 
whence the fides Ac and cx are eaſily found, —— OY 


| The courſe on ſtarb. is S. 49* 37' E. diſtance 208 4 miles. 1 
* The courſe on larb. is S. 49 37 W. diſtance 208,4 miles. 
n | 5 : | * 


QuesT109 
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| QuesTION XX. A ſhip that makes her way good within 6 points of the 
wind, is bound to a port bearing SM. b. S. + W. diſtant 476 miles: New 
the wind being 8. b. W and a current ſetting S. b. E. 24 miles an hour, and 
the ſhip ſailing 75 miles an hour: Required the courſe and diſtance ſhe muſt 
fail on her ſtarboard and larboard tacks to gain the port. | | 


In the S. b. S. 1 W. rhumb, take AB 476 miles; and, through A 
and B, draw the lines Ap, Bo, in the direction of rhumbs 64 points from 
the wind at S. 5. W.; then, were there no current, the ſhip would fail on 
the lines AD, DB. | | | | | 

With the drift of the current A= 24, and the run of the ſhip 74 miles 
an hour, taken in rhumbs Ae, A b, 64 points from the wind; complete 
the parallelograms, the diagonals of which Ac, ad, ſhew the courſes the 
ſhip will move in, with the compound motions of the current's drift and 
ſhip's run. 

Then Ac and Bc, drawn parallel to ac, will ſhew the run of the ſhip 
on the ſtarboard and larboard tacks. „ 

In the A A a d are given As, ad, LA 44; to ſind the d A a 

ant | 8 | 
Nos A Aac are given Aa, ac, LAac; to find the Cc A/ 54. 
Then 4BAc=L4BaAn+4caAn=) 852 30. | 

' Alſo 4nA—4LnABEZBAs,=4ABC=27? 05". (II. 93) 

Conſequently in the triangle Acs, there are known one fide AB, and 

all the angles; by which the ſides Ac, eB, may be found. 


| The courſe on the ſtarb. is S. 48* 56 E. diſt. 234,7 miles. 
| ANSWER, j The courſe on the larb. is S. 63* 39 W. diſt — 


of get 


py © TIE 
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Moſt of the Queſtions in the three preceding ſections, although not of 
ſuch common ule at ſea, as thoſe in ſections the IVth and Vth, yet have 
their uſes on various occaſions, as will evidently appear from many of the 
queſtions themſelves. But there is another excellent uſe to be derived 
from their ſolution, that does not appear at firſt ſight ſo evident to 
karners; which is, the furniſhing them with an agreeable opportunity of 
exerciſing their talents in the application of Geometry and plain Trigo- 


lating to failing depend chiefly on the principles of Trigonometry; ſo 
the perſons, to whom theſe principles are moſt familiar, will with the 
greateſt readineſs not only apply them to the caſes of failing, but alſo ſee 
more clearly the reaſon of every ſtep they ſhall find themſelves neceſſitated 
to takez And as a further exerciſe for the underſtandings of thoſe who 
are deſirous of extending their notions this way, it has been thought pro- 
per to annex the Queſtions in the following ſection, with their ſolutions. 


SECTION 


nometry. For it ſhould be well obſerved, that as all the operations re- 
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CTION IE: 
51. A Collection of Practical Queſtions. 
The figures belonging to the queſtions in this ſection are in Pl. XI. 
and numbered the fame as the queſtions, | 5 0 
QusrION I. 4 fhip in latitude 47 30“ N. and bound to a port in lati. 
tude 42 ON. and 120 miles to the weſt, propeſes to reach her port by run. 
ning equal diſtances on each tack, the firſt to be on the meridian : What nuff 
the courſe be on the ſecond tack, and how far on each? | 

SOLUTION, With the. given difference of Jatitude=330, and the de- 
parture=120, conſtruct the triangle aBc; from x, the middle of ac, 
draw, ED at right angles to AC: then drawing pc, the lines AD, DC, will 
be the diſtances the ſhip muſt run on each tack. 3 

For ADC is by conſtruction an iſoſceles triangle. III. 93) 

In the triangle Ac, find the angle A (III 460) 2 19˙ 59'= L Ach; 

the CAcD＋CCA D CEDC 39 58 the ſecond courſe, in the SW. 


quarter. | IH 55 
1 | In the triangle cBp, find (III. 45) pc=186,8. | 
. ANSsWER. The firſt courſe is S., the 2d S. 39? 5&' W.; and the diſ- 
; 4b 13 tance on each tack 186,8 miles. 


*'QuesT1oN II. A ſbip having ſailed NE. b. E. from a port in latitude 
42 18“ N., met @ ſloop which had ſailed from a port in the ſame latitude, 
lying 92 mules to the eaſt of the ſbip's port : the ſum of their diſtances made 159 
miles Required their reſþetiive courſes and diflances. | 
SOLUTION. In an eaſt and weſt line take Ba =92 m., from B draw on 
the NE. b. E. rhumb sBc=150m. join ca; then Ep, drawn at right 
angles to CA, from E, the middle, gives p, ſo that Da =pc. (II. 93) 
In the triangle ABC, find (III. 48) the 4 BAc=114® 27', and 4 Ach 
. . 3 5 | 
Then 4 BAc—Z.CAD=LZ BAD=82? 40'; hence / Bpa=63J* 35%. 
In the triangle Ba, find (III. 45) BD g 101, m., and ap=57,7 m. 
ANSWER, The ſhip failed NE. b. N. 101,9 miles, and the ſloop 
; failed N. 9? 200, W. 57,7 miles. - 


1 


— 


QuEsTIoN III. Two ſhips A, B, ſail from one road, their courſes making » 
an angle of 50 o,; A ſails between the S. and M. 40 leagues, B ſailing } 
between the S. and E. 50 leagues,” has got 15 leagues to the fouthward of A: 
Required the courſe of each ſhip, alſo the bearing, diſtance, and departure / 
| From à to B. ä | . ; 
_ SoLUTION, With the given ſides and included EC a, conſtruct the a 
triangle Acg: On A, with 15 leagues, deſcribe an arc at D, and from E, 
the middle of AB, with the radius EA, cut the former arc in p (II. 131;) : 
draw the given diff. lat. Ap, and the required departure DB : then c is 3% 
the port ſailed from, à one ſhip's place, B the other's. 

{ 


In the triangle Ac, find (III. 48; the 4. caB=78? 24, and 2 cBa 
| =51* 36/0; the ſide AB will be found 39,1 leagues. In the triangle aDB, 
where 4B, AD, are known, find CDA 227 34, 4. DAB=679, 26/, and 
| | BD = 36, I. | My | 
ANSWER, A's Courſe is S. 34 1 W. B's is S. 15? 5o' E.; B bears 
from A S. 67“ 26' E. departure Bp is 36,1 m. the diſt. as 
| is 39,1 miles. |  QuEesSTION 


A. 


a parallelogram. 


=. 
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 QuesTION IV. From too ports, bearing NIP. b. N. and SE. b. F. two 
Hips ſail, the one NE. the other N. b. E.; they meet, and find that the ſum 
of their diſtances added to the diſtance of the yon made 148 miles: Required 
the d;Rance of the ports, and the run of each ſhip, * * 1-9 
SOLUTION. Make a triangle ADE equiangular to the triangle required; 
in which one fide, as Ap, ſhall be of any aſſigned length, as 30; and by 
Art. 47. Book III. find DE=4t,61; ag=23,57; and the fum of the 
three tides of the triangle ADE will be 95, 18: then ſay, ED: 
a 05,10 : 148; ADE 20 AGRI 
And a8 95,18 : 148 : DE=41,61 : CEO ©. 
Then the other {ide AB will be 26,25 miles. 
4 0 The diſtance of the ports is 36, 25 miles. 
WIE» One ſhip's run is 46,65 miles, the other's 64,7 miles. 


QuesTION V. Two ſhips meet at ſea, bound to two ports diſtant from one 
another 12 miles: Now if one ſails NM. b. N. fix miles an hour, and the 
ether NE. eight miles an hour, they will arrive at their reſpective ports at the 
fame time Required the diſtance each ſhip muſt run, and the bearing of theſe 
ports from one auother. | | | „ 

SOLUTION.. With the courſes and rates of failing make the triangle 
ADE, A repreſenting the place of meeting; parallel to DE draw AG= 
12 miles; through G draw GC parallel to Ap, meeting AE produced in c; 
through c draw CB parallel to Ac, meeting AD produced in B; then B 
and c are the ports. For aB: Ac: : 6:8; and BCEZI2=AG, BG being 

In the triangle ApE, knowing AD, AF, and Z A, find 4 D=b0o? 30%, 
LE=40* 45, and DE=Q,o15 miles; then ÞE : BC; 7 AE 5 ACS. 


10,5 » + AB=7,088,: © 


One runs NE. 10, 65 m; the other NW. b. N. 75988 m. 
c bears from B, N. 855 45 E. | ; 


—_—_ = 


ANSWER, 


 QuesTIon VI. A fleet of ſhips fleering SM. b. S. four miles an hour, 
en ſeeing a ſail, detached a cruiſer, which gave chaſe SE. five hours at the 
rate of ſeven miles an hour, comes up with, and takes the chace. After an 
hour's time ſpent in adjuſting matters on board the prize, fhe ſteers for the 
fleet, which till kept on the ſame courſe and rate : Required the courſe the 
cruiſer muſt ſhape, and the diſtance ſhe muft run at ſeven miles an hour, to 
join them. - | 5 1 4 
SoLUTION. Let e be the firſt place of the fleet, draw cp, S. S. 
and cs, SE.; make B= 35 (=7x5), A= 24 (=4x 6), and draw 


— 


| AB; then is the place where the cruiſer took the chace, and A the place 


where the fleet was when ſhe left the chace: make ar=4, FE=7; 


draw Bp parallel to FE, and p is the place where the cruiſer joined the 


leet; 

In the triangle acs, find C ABS 63 25/, and L cBA=37* 49, and 
AB=36,39. Then (II. 91) 2 FatE=116® 35. In the triangle Fax, 
find C E=30? 44 and 4 F=32% 41. | | 

In the triangle aps, ſimilar to ArE, find 8p 63, 58 miles, 
ANSWER, The cruiſer muſt ſteer S. 6626 W. and run 63,58 miles. 

3 | ET | QUESTION 


; | 8 
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 QuesT1on VII. A Hip, failing on a MSM. courſe, can ſail from the port 
A to the port B in fix days But ſailing at the ſame rate (by the log) on 4 
NE. b. M courſe, ſbe goes from B to A in three days, a current ſetting all the 
way between the ports eaft, balf a mile an hour : Required her dead reckoning 
outward and homeward, alſo the bearing and diſtance of a from B. 


SoLUT10ONV. In the nine days outward and homeward-bound, the cur. 
rent runs at £ mile an hour, 108 miles eaſt, that is 72 m. for outward, 
and 36 homeward. In an eaſt and weſt line take ap=36, pd=72; 
through A draw a NSM. rhumb, and through d draw a NE. 6. N. and 
SM. b. S. rhumb, cutting the former in E: Through p, E, draw parallels 
to dE, d A, cutting in B; join AB, and draw BF parallel to EA, meeting 
d A produced in ; then A and B repreſent the two ports, AE the out- 

ward dead reckoning, BD the homeward, and AB the true diſtance. 

For if AF=BE=p4d=72 is the drift of the current in the outward ac. 
count, and the courſe ſhaped is along as, the ſhip muſt run between ax 
and Ak. Alſo if Bc AD g 36 is the current's drift homeward, and the 
courſe ſhaped is along Bo, the ſhip muſt run between Bc and Bp. But 
AB is the only common diagonal to the parellelograms FE and Dc; con- 
{quently A and 8B are the ports. „ | 

In the triangle ads, find (III. 45) AE 161, 6; and ed=BD=74,39m. 

In the triangle aps, find (III. 48) C DAB 397 307, and DBA 1) 


36% Alſo (III.45) find AB = 99/04. 5 
The dead eckontgury, = 161,6 m. homew. =74,39 m. 
| * j The true courſe is S. 21 21' W. diſtance 99,04 miles. 


= FW 


 QuesTiIon VIII. A hip, after doubling a cape and failing NE. b. N. 
45 miles, receives in the night conſiderable damage from a ſtorm; ſhe then bore 
direcily toward a lighthouſe lying 24 miles to the M. of the cape, and 

having run 40 miles, and the day breaking, ſhe diſcovers a port 42 mules to the 
north of the cape : What was her courſe and diſtance to that port? 


 SoLvuTion. Draw Ap, NE. 6. N. 45 m.; AB, N. 42 m.; ac, MV. 
24 miles; join Dc, make DE=40 m. and draw AE, EB; then A is the 
cape, c the lighthouſe, and B the port. | 
In the triangle cap, with the given ſides and included angle a, find 
the £c=70? 584, 4D=30* 167, and the fide cH=46,69 miles. 
In the triangle ApE, with the given ſides and included angle p, find 


the DEA =87* 08”, £DAE=62" 360, and AE=22,71 miles. mi 
In the triangle BAE, with the known ſides As, AE, and included E. EAB, | 
find ABEA=124" 47', 4 B=26* 22), and EB==24,67 miles. | j& 
| The courſe from E to E is N. 26* 22/ E. | 
ANSWER. And the diſtance E B is 24,67 miles, % 
[th 


QugsT10N 


; 


vind then at E. ö. N., blowing two points abaft the beam; at five in the 
ening, being two leagues to the W. b. S. of a headland, ſhe met the tide of 
td ſetting SSI. at the rate of 14 miles an hour, and at nine that evening, a 
:ohthouſe which lay to the NNE. + E. of the headland, bore ENE.4+ E.: 
Required the ſhip's courſe and her diflance from the lighthouſe. 


— SoLUTION. From five to nine is four hours, in which time the ſhip 
- 0 uns 18 miles, and the tide ſeven miles; alſo two points abaft the beam, 
1 1 or 10 points from the wind, is N. b. N. | | 


Suppoſe the ſhip at A; then in the E. ö. N. rhumb take at=6, and 
x is the headland ; in the N. b. N. take aB=18; through B draw he 
parallel to the SSW. rhumb, and equal to 7, join ca, ct; through E 
8 draw a NNE. Z E. rhumb, meeting in D, an EME. 2 E. rhumb, drawn 

Som c. Then c is the place which the ſhip arrives at, Ac is her real 
_ un, and D the place of the lighthouſe. , 


= In the triangle anc, where two ſides AB, Bc, and the included Z. B, 

* are known; find 7 BcCA=1or* 19% £BAC=22? 25“, and the fide Ac 
15 26 miles. 5 85 | : 

_ In the triangle car, where there are known aE=6, ac=15,26, 

5 L.cAE=I34* 55“; find C AEC = 32 47', CAckg iz 18, and the fide 


170 E 10,04 miles. 

J In the triangle ED, where there are known cE=19,94 m. Z D=47® 
| 40% £DCE=35* 36% and ZDeEcC=9g6? 35/; the fide ED will be found 
m. 15,67 miles, and the ſide 0 26, 74 miles. 


AxswER. The ſhip's true courſe is N. 56 10 W.; diſt, from the 


lighthouſe 26,74 miles. 


— 
— ————— * —gyB ——_—__—. at. 4 —ę— 1 — — 
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QussTION X. Tos ſhips departed from a port at the ſame time, and after 
* one had ſailed SE. b. E. 40 miles, and the other SW. 50 miles, they were 


the equally diſtant from a rock which lies direftly ſouth of their port: Required 
the bearing and diſtance of each from the rock. | | 
V. SoLUTION. From A, the port, draw AB SW. 50 miles, ac SE. b. E. 


he 40 miles, join Bc, and from F, the middle, draw FD at right angles to 
| Bc, meeting the meridian in D, the place of the rock, and join DB, Dc, 

nd which are equal by Article 103, Book II. . 
In the triangle Bac, where there are known AB 50, Ac 40, £4 BAC 


nd 101 157; find Z ACB=44* 35', LL ABC=34? 100%, and Bc=69,86 


miles, 


By | In the triangle Axc, where there are known ac=40, £EAc=56*® 


I5', LACE=44* 35, L AEC=79? I0/ ; find Ec 33,86 miles. 

Then cr (1 Bc)—EC=FE=1,07. No 

In the right angled triangle FED, where are known FE=1,07, and 
EFED=79" 107; find the ſide DF=5,591. | | 

In the right angled triangle pre, where DE=5,591, FC= 34933; find 
[the  FPc=80® 54/, and Dc=35,38 miles. ; 


The ſhip at B is 35,38 m. to the S. 88? 16 w. of the roc 
ANSWER, | The ſhip at c is 35538 m. to the N. 70* 04 E. of the — 


IN 9 | | QUESTION 


Lk VIE. --PLANE-SAILING: © a 


QuzsT10N IX. A fhip running at the rate of 44 miles an hour, with the 


* 
* 


A ä 
* 
* 


2 — W ³˙ i — 
* 
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the other N. M. b. N. Reguired the ſhip's courſe aud diſtance, © Es with 


rhumbs; draw cb S. b. IF. and equal to five miles, which the tide 


a a parallelogram ; and ſo AB ED, AE=BD. 


QUESTION: XI. Sailing E. b. 8. 77 knots an had). wi ſaw br ian, 
one bearing SE. b. S. the other E. b. N.; the tide was then running SIP, 
b. M,. 2 miles an hour? two hours ier; the firſtrifland bore M. b. . and 


the bearing and. dt lance of thoſe lands from. 0 e e 


Sol uriox. In an E. b. 85 rhummþy, take ac gig miles, 271 mi, 
X2);. through Ay £ draw AB, AE, pat tallet to the E. b. N. tand. SE. 5. . 


runs in two hours; through D, lines being drawn parallel to the NIV. 6, 
N. and Nb. S. rbumbs, their inter ſections with AB, AE, will give z 
the place of the ſouthern iſland, and B, the place of the narthera one; 
join AD, EE. 5 8 
In the triangle abc, where ALY, Dc 5, and Lac 45 * oo; 
find the £ CDAZIT7® * cab g 087/, and Ap g 12 miles. 
Now as ED is parallel to AB, and 8D parallel to AE, therefore ABE IB 


In the triangle AD, where aB = 12 miles, L AED=112® 300 2 BA 
. and LADE= 39" 3803 find AE=8, 286 miles, and Es 
6,072 miles. 

In the triangle BE; where Ak =, 286 miles, ab 6.07 miles, and 
4 EAB8Z=07? 30"; find * 15% the L ARBE=43˙ 155 and the 
{ide BL=8, 1 86 miles. Vo A RY: 


The ſhip's rome was 8. 61® 37 E. diftance 12 hs 


ANSWER. | The N. ifle bore Ro 8. > N. 9* 30 E. diſt. 8, 180m. 


* 


QuesTION XIIT. Coming out F. a port, into which the tide of rod was 
then ſetting, I ſaw two headlands, the northern ane, which bore. ENE. K. 
was known to be 15 miles to the NNE. 2 E. of the other, which then bort 
S. 5. E. after running E. b. S. Z E. 24 miles by the log, the northern head. 
land bore NIV. and the other I. b. S.: Regain ed the ſelling. and _ 7 tie 
tide. 


inn 

. In a NVE. 4 E. FORE take AB=I5 8 through 4 
draw ac N. B. WW. and ab E. b. N.; z alſo through ns draw BC III. 
2. W. and Bp SE.; then c, the interſection of AC, BC, is the ſhip's place 
at firſt, and p, the meeting of BD and Ap, is the ſhip's place at laſt: 
from c draw an E. b. S. E thumb cES 24 miles, and join xp. 

In the triangle ABC, where AB=15 miles, LACBEYS? 387 and te 
£cBa=445? O; find ac=10,66 miles. | 

In the triangle aBD, where aB=15 miles, L app=56? 15˙ and the 
{ ABD=732-08/; find aD=17,26 miles. 

In the right angled triangle CAD, where AC=10,66, and AD=17,26} 
find” Lach 58 19, LA DCS 31 41% and cp g 20, 29m. | 

In the triangle CDE, where CE=24, CD=20,29, and /,DCE=14? 493 
find £.CED=52* 42”, and DE=6,522 miles. 


AxswER. The tide ſet 8. 42? 55 W. and its wife; is 6 5522 miles. 


8 | - Qusxsr108 
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1 65,80 12 1 im ; any RT ET g : . BE 2 2 6 7 
sss riox XU, 4 ip. running fue inote an hour, diſervert Scilly 
nds, lights bearing NE. b. N. diſtant fox leagues, the flood tide being juſt mades 


„. ſetting ENE. two'miles an hour: Required what courſe ſhe muſ? fer, 
an n how far by the log, to bring * Sn leagues to the ſouth of the Lizard, 
with which hes 11 leagues to the E. b. Ye 1 0 of Scully. | _ EI FI IE - 


SOLUTION. Draw. SL E. b. N 2 E. 33 miles, LE $. 15 miles, and 
$a SIV. b. S. 18 miles; join sz, Ak: Draw AB EME. two miles, and 


. 3, Non s with se 5 miles cut Ax in c, join ge; draw AD parallel to gc; 
tide and £D paraſtel to As; then A repreſents the ſhip's place at firſt, 8 
V. b. Wl Scilly, L the Lizard, E the ſhip's place at laſt, and Ap the rhumb and 
e 3, Wh diſtance ſhe muſt ſail. : 1 
one; In the triangle sLE, where sL 33 miles, LE=15, and the ZsLR 


284 22“; find CLxs g 18“, Ls =25* 20/, and 3E=34,89 m. 


o/; la the triangle Ask, where as=18, 34,89, and the C As 
io oz; find sA E τ 51 59% LsEaA=23* 59%, and Af 42, 96 m. | 
DE is 


In tbe triangle ARC, where AB=2, BC=$, and £BAC=18? 1%; find 
Lc 7 11 2 : „ CRP | | ; | ; | 1 
Now in the triangle Abr, ſimilar to the triangle amc, are known 
AEZ 42,96 miles, 4£DAE=7 II, 4 AED=18? 14, and the CD 

154 35/ ; hence the fide Ab will be found 31, 32 miles. 


and e Mn a A er 0 of 
a che ONS ER» The hip muſt fail S. 87* og E. diſtance 31,32 miles. 


- ma 4 — 1 —_—_ {A—_— 
— 


— 


QuesT10N XIV. ' At fox d cloct in the evemng a privateer ſaw a ſhip di- 
rectiy to windward bearing ME. about thrit leagues Hiſlant, they were both 
loſe hauled, on their flarboard tacks; the privateer having ſailed 18 miles, 
at nine o'clock the ſhip bore B. b. N. f E. Now the privateer finding he 


1 et a- bead, would: ſpeak with the ſbip at two o'clock in the morning: Re- 
2 . Nrrired at what rate the privateer muff” fail, and at what” time tack about, 
z bon Neeping fix points from the wind, ſuppoſing the other ſbip ages not alter her 
head-Wour/e and rate of ſeiling. 2 VVV | 


. SoLUTION. Six points | from the wind at NE. on ſtarboard tacks is 
MW. ;. VE. in a line AF parallel to a NV. rhumb take ac=18 m. 
draw AI 


ugh 4 in which take AB ; alſo 30 3, ci=5, repreſenting 
Vll. Je times between fix and nine, and nine and two o'clock ; draw BR 
5 place parallel to Ar, and through œ draw an E. Z. N. f E. rhumb en; join 
t laſt: po, draw 1E parallel to DG; through E draw Er ſix points from the 
| nd,” and join EC, CB: then the privateer tacking at r, will meet the, 


hip at E. ts, * f 1 N „ : 
in the triangle aBc, find' L. aBc=82® 46/, 4 Ach ga 4%, and 
Sv EE oo (( 2 
In the triangle Ch, find 8D 12, o4, and pc=8,689. _ OS 
Then 5G: C:: BD: DF=20;07 miles, the ſhip ſails from nine to two. 
In the triangle Cor, find c 81 3½ £x=25* 2v, and EC 
942 miles. — ed | 
In the triangle cr, find E11, 765 and FC=25,87 miles. 


or. II. | 5 F | Now 
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next day at noon they arrived at two ports in latitude 1 


B 


Now FE + Fo= 37463 m. which run in five hours, is 7,12 m. an hour, 
And rc at 7,12'm. per hour gives 3 h. 37 m. 48 ſ. after nine o lock. 


ANSWER. The privateer muſt tack at 12h. 37 m. 48 f. and fail Hl 
miles an hour. 


— 


„— * —-— A ®. 


— 1 


* 


Our STION xu. 8 "ſhips Recring. FORE... the 8. gy 72 83. com- 

pany in latitude 200 1 5 N. one going 24 points more W Nerd than the other; 

100 M. and diſtant 

45 miles : Required the courſe and d. france which each lap Wale _= to 
parted. 


7 


mas In an eaſt and welt line take'E8=45" miles; on CB. de. 
ſcribe (II. 89) the ſegment CBA of a circle that ſhall contain au angle 
equal to 30 56'=2 4 points; in the meridian take BH 359i miles, the 
diff. lat.; through H draw HA parallel to c, meeting theg circle cBAI1 
A; draw AF parallel to HB, meeting CB produced in F, join AB, Ac, -and 
from E, the center of the circle CBA, draw EA, E EB;. EG parallel to tp, 
and ED parallel to BH. 

In the right angled triangle EBp, where ——  (Lcar=) 30? 56, 
and DB=22,5 miles ; find ED=SFG=3735d2 and EBZEA=43377.M. 

In the rightarigled triangle Ax; find AE 0 22), and EG=38,15, 

In the right angled triangle AFB, where AF=59 miles, BF=DF (= 
x6)—DB=15;653 ; find ZBAF=14* 51”, and aB=61,06 miles. 

In the right angled triangle c where Ar = 50%, CF=CB+ — 
miles, and 4 CAF=45" 45” $ © AC=84,02 miles. 


11 The courſe of one ſhip is S. 145 $1 W. diſt. 61 4 m. 
| ” > THe courſe of the other-1 1s 8. 4⁵⁵ #7" V W. diſt, 84,62 m. 


; 3 


— . r 
1 ä W — SC Cx +, S -- * W T p : _ 


- 


erated XVI. Nos ſhips, A NE” B, | Hot going at the rate f ” 2 Fu 
an hour, parted company in = latitude of 4.5” N. A ſteering i in the NE. ani 
B in the MV. quarter; next day at noon they bath arrived at their ports, 4 
in lat. 45 587 . B in lat. 45 36 M. and the ſum of their departures wa 
64 miles : At what hour did 0 party and tobat was the e 4% d muy 
each yup haa * Pp: 


„ 


79 10 1 + 
— * „ 


Soup Make the departures 70 miles, the diff. lat. TB 
and GC=36 miles; draw Bc, and from k, the middle of pc, draw KE A 
right angles to BC, meeting FG in A, and BF produced i in E; join Ac, ABj 
then draw AH parallel to FB; and CD, BH, parallel to FG, e. AP, in 

z and H. PI 

In the right angled triangle BDC, where Dc=64, pos 23 33 ' bod 
DBC ZI o, L DCB= 8 585 and Bc=67,69 miles: Hence BK= 
Ec 33, 4 F-- 

In the right angled triaggie Kr, where ZE =18ů 587 == 
5 4 33,84 miles; find BE 10451 Hence BEv8F=FE 
on 88. a 


a % at Pc _— ———_—_—_— 


- 


fix miles from the town : 


Book VII. PLANE SAI L. ING 1: 57 
In the right angled triangle rA, find FAZI 15,84 miles: Hence AG 
8,16. = 
"Ja win right angled triangle AIC, where ar (o 36, 10=48, 16 3 
find L 1A. 53 13, and Ac 60, 13 miles. 
In the right angled triangle ARB, find /BAH=15® 17', _ 
Now AC or AB = 60,13 divided 1 6 gives 19,02 hours= 


roh. Im. 
121 


The ſhips parted at 1h. EF m. 48 £5 in 4 morning. 
Avswn. 1 's courſe i is N. 15 177 W. 's is N. 53 13 E.; 0d 
2 1 run by oach is 60, 3 miles. 


„ 


„ — 


Opns Tron XVII. Paſſi mg 1 a rock which lies off the mouth of a Har- 
bour, the breadth of which is 12 miles, the weſtern point bare NM. and 
is nine miles diſtant from the town ; the eaſtern point bore NE. b. N. and is 
Required the diftance of the rock from the weſtern 
and eaftern points, and alſo from the town, which bore N. b. E. 


SOLUTION. With the three given ſides, 12, 9, 6, having „ 
2 triangle where A and c are the weſtern and eaſtern points of the har- 
bour's mouth, and E the town; make the C AcD=3 points, E between 
the bearings of A and B; alſo make the Z. CAD 2 points g /_ between 
the bearings of c and B;; through apc deſcribe a circle, and through D 
and B draw the right line” BF, meeting the circumference of the circle 
again in F, the place of the rock, 

For the LAFDEZELACD=3 pts.; and Z.CFD= Z.CAD=2 pts. (I. 129) 

In the triangle ABC, find C BAC=28* 57', the TC A. 33”, and 
the L ABC IO 30. 

In the triangle cp, where Lap =1235 45 5 berg points, 
1 DAC=2 points; find DA =8,018 miles. 

In the triangle ADB, where ABZ9, AD=8,018, and LBaD=6? 27'5 
find the ABD =41? 057: Hence LcDS G 2420. \ 

In the triangle ABF, find aF=10,65 miles, and FB= I 5,604 miles. 

In the triangle 'FBc, find FC=14,02 miles. 


| ANSWER. FAZZIO 55 1B 15, 4, FC=14,02 miles. 


6 


n 


——_—_— 
— — 
—— 


QuxsTTox XVI: 4 night, having caft anc bor among ac: DEP iſlahds, 
Fl S lighthouſes, A, B, c; A bore NNE. B bore SSE ? 7 and 
c bore weſt ; the diſtance from A to B is 94 miles, from B to C 78 miles, and 
from A to C is 59 miles : Required my diſtance from each lighthouſe. 


SoLUTzon. Let anc be the triangle formed by the diſtances of the 
three lighthouſes ; z an CB, CA, deſcribe (II. 89) ſegments of circles that 
ſhall contain the angles included between the bearings of c and B, and 
of c and A; and the interſection D of theſe circles, is the point where 
the ſhip caſt anchor: through the centers H, k, draw ak, bo, at right 
angles to CB, CA, meeting the circumferences of the circles in E and G; 
and draw EB, EC; HB, He; GC, Ga; Ke, K A; and join KH cutting 
CD in . | 

3 


Now 
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| Now becauſe cp is a chord common to both circles, therefore Hx bi. 
ſects it in m alfo, becauſe /.coB and Z.CEB together are meaſured 
by half the circle (II. 128); therefore 4. cxeB=180*—L cos; and for 
the ſame reaſon, the / coca =180%—2.cpa ; therefore the angles cxy, 
EGA, * known; and (II. 127) fo are their equals C ch 61 527 
CKb=67? 300. | a: | 2 
In the a CAB, from the given ſides find C cAB = 55 48, 
£ CBA=38? 44% and the C. acs=85" 28“. 5 
In the right angled triangle can, where ca 39 m. £4 cHa=6r' 527; 
BW find. cB=44,22 miles. . | 
5 | In the right angled triangle chx, where cB=294 m. ALcxb=67* 30; 
1 find cx =31,93 miles. | | 
| In the triangle xcn, where KC=20;FS n=, the kch- 
| 139* 0G ( LRKCATZACEBT RCH); £.CKR=25* 400, and . 
CHK=18* 14/, | N LEES 5 
6 In the right angled triangle chm, where . chm 18“ 14, and en 
| | -— find m 13, 84 miles, which doubled gives cy=27,68 
| miles. 5 ä 
| | In the triangle acp, where cDH=27,08 m. 4 cap=25?* 40H, an 
—_ £ ACD=41* 49 f/; find AD=42,6 miles. | 
—_—_ -- In the triangle aps, where an=94 miles, 4. BDa=129* 227, CD 
7 z0* 07F; find ps=61,03 miles. „ c 


| _ (is 42,6 miles. | 
ANSWER, The diſtance from p to B is 61,03 miles. | a 

| C is 27,68 miles. ay 
. nl . n 


— 
L— —_— „— —— —_— ——_— — + 


QuzesTion XIX. In latitude 48* 50 N. we were attacked by a priva- 
teer, he upos receiving our broadſide lay to, and we flood away NNIV.; 
ſome time after the privateer bore away NE, b. N. and two hours after, be 
baving by our eſtimation rum ten miles, was ſeven miles direcih eaſt of 1 Wile 
New by our account we had ſailed four leagues ſince the actiun, and the tide In- 
all the time had run two miles an hour : Required the ſetting of the tide, the 
time the privateer lay to, our rate of ſailing, and each ſhip's direct courſe and 
a3! aiflance. | | 


| = Be SOLUTION. Suppoſe the action at a, then parallel to the NV. 
| and NME. 6. N. rhumbs, draw aB=12 m. Ac=10 m. and join Bc; 
through c draw cp) miles due weſt ; join BÞ, and in this line pro- 
i duced take DI=4 miles, the tide's drift in two hours; draw cr parallel ir 
1 and equal to pi; through F draw a weſt line FG, meeting Bi in 1, and 
| > a meridian through A, in G 3 and draw AF, Al, which repreſent the runs Wſ 
| * of the two ſhips, F being the place of the privateer, when ſhe was ſeven 

| 


miles eaſt of the other ſhip, then at 1. 1 ü 
In the triangle apc, where ABZ 12, Ac 10, and 4 Bac=56* 15; 
find Ach = 71 315“, ABC 52 1327, and BC=10,52 miles. 
In the triangle 3c, where Bc=10,52 m. p 9 m. /.BcDH=15® 167 
(71 314 —56%0 15“); find £BDc=138* 40', pc 26004“, and | 
aD=4,197 miles, which is the tide's run while the privateer lay by. _ 


In 
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In the triangle ACF, where A = 10 m. CF=4 m. and / AcF=$2? 


d for z; (= 4 DcF—L£ DCA); find Larc=74* $27 LCAF=22% 42“. and 
CE, ar 10, 27 miles, the diſtance failed by the privateer. E 
527, In the right angled triangle. aGr, where ar=10,27, the (FAG 


ZAC T L.CAF=) 5627 find AG 5,675, and Gr=8,561 miles, 

In the right angled triangle Adi, where A0 g=, 675, 6i=(GF—(1F=} 
1,561; find £GAI=15* 2, and Al 5, 886 miles. G 
Now 4,197 m. divided by zm. per hour, gives 2,098 h.=2h. 5 m. 
. | | | 


A - The tide ſets S. 48* 40' E. DR 
a 2 NOW" J The privateer failed N. 56 27' E. diſtance 10,27 miles. 


The other ſhip failed N. 15 27/ E. diſtance 5,886 miles. 


3 3 — 
_ 1 * : * * — nd n — 92 


Quks TIN XX. From the ports A, B, c, lying under the ſame parallel of 
an atitude, B being 60 miles, and c 160 miles to the eaft of A, three ſhips fail 
noard the NIV, quarter and meet together, B having ſailed two points, and 

zA points farther from the meridian than A had: Required the courſe and 
diſtance each ſhip has run. | : 


SoLUTION. In an eaft and weſt line cn, take ca=160 m. A: 
do m. make the angle ACE=2 points=23? 30, the angle car=1Z 
oints=16® 527; and join EB. 2. 1 

Through the points Ag c deſcribe a circle, cutting the line ER produced 
n , and join HA, He. 1 | 8 
Now Z. An EZ C. Ack; and . BHC= L. BAR. (II. 129) 


riva- Therefore ſhips ſailing from A, B, c, and meeting in E, their courſe 
VIV. ; ill differ by the quantities propoſed. | 

er, be For drawing a meridian HD, the angles DHA, DHB, Duc, will re- 
of 11, 2 repreſent the angles which the ſhip's courſes make with the 
xe tide eridian. a — 1 


In the triangle Ace, where Ac 160 miles, Z,EAC=1E points, ECA 
2 points, and Z AEC 124 points; find the fide EC 73, 21 miles. 

In the triangle BCE, where Bc IOO m. cE E73, 21, and the in- 
luded {.BCE==22* 30/; find the angle cEB=116* 37% and BE 
10? 53. 4 ; „ 

Hence 4, ABH 40 53/ (II. 93); the naB=116* 37), | 
In the triangle Anz, where aB=60, and all the angles are known, 
ind HAS 102,60 miles, and HB=140,2 miles. ; 

In the triangle Anc, where AC=160, and all the angles are MS: 


pro- 
ale 
„ and 
runs 
ſeven 


nd Hc 22575 miles. „ 
A's courſe is N. 2637 W. diſtance 102, 6 miles. 
AnswgR. | B's courſe is N. 49 07 W. diſtance 140, 2 miles. 


15 o's courſe is N. 65 59 W. diſtance 225,5 miles. 
0 I 62 - 

, and | 

"bn | 0 
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gent reader would ſee how the buſineſs of taking the bearings of part of 


etch of the appearance of the coaſt, obſerving carefully to mark the 


more or leis, until ſhe comes into a ſituation from which the ſame points 


SECT 1 GN N Re: 
07 he ſurveying of C oafts and 1 


From what has been already ſaid in the preceding ſections, an intell;. 


a coaſt, and of plotting or delineating it, might be done. But as there 
are ſome particulars, which can be gained only by experience in the an 
of ſurveying, it will not be improper to apprize the learner — 
T to qualify him to go more readily to work. 


To take the Draught of part of a Coaſt in ſailing along it. 


Ts Having brought the ſhip to a convenient place, from which th: 
principal points of the coaſt, or bay, may be ſeen, either caſt anchor, if it 
is convenient, or lie ta as ſteady as poſſible ; or if the coaſt is too ſhoil, 
jet the obſervations and meaſures be done in a boat. Then while th 
veſſel is ſtationary in that ſituation, take the bearings in degrees of ſuch 
points of the coaſt, as form the moſt material projections, or hollows, 
with the azimuth compaſs ; ; Write down theſe bearings, and make a rough 


points, the bearings of which had been taken, with letters, for the ſake of 
reference. | 

:.2d, Then let the ſhip or boat run in a direct lipe, which muſt be very 
carefully meaſured by the. log, or otherwiſe, one, two, or three miles 


before obſerved can be ſeen again. There let the veſſel lie ſteady, as at 
the ioregoing ſtation, and obſerve again the reſpective bearings in degree 
of the ſame points, which are alſo to be written down ; and a roug! 
tketch- of the coaſt ſhould alſo be taken from this ſtation. But while thc 
veſlel is running the baſe line from ſtation to ſtation, , a more accurat 

drawing of the; appearance of the coaſt ſhould be made. 
3d. To map theſe obſervations. In ſome convenient part of a ſheet of 
paper deſcribe a circle, draw the magnetic meridian, lay off the feveri 
bearings taken from the firſt ſtation; and let them be numbered 1, 2, 1 
c. on the outfide of the circle: lay down alſo the ſeveral bearings taken 
from the ſecond tation, let theſe be numbered 1, 2, 3, &c. on the inſide 
of the circle, ob{erying that the bearings of the fame points are numbere 

with the ſame figures. 

4th. Draw a "line to expreſs the ſhip's run both in length and coutſe; 
and from that end of the line expreſſing the firſt lation, draw lines pa 
rallel to the reſpective bearings taken from that end, and marked on th: 
outſide of the circle: alſo from the other end, draw lines parallel to tht 
bearings taken at that end, and noted on the inſide of the circle; mark the 
interſection of each pair of lines, directed ta the ſame point, with the num- 
ber annexed to their bearing; and through the interſections, ſo mark, 
draw, by hand, a curved line, . obſerving ta wave the line in and out, s 
near as can be, like the bending of the coaſt itſelf. Laſtly, Set off th 
variation of the compaſs from the north end of the magnetic meridia 
toward the right hand, if it be eaſt, or toward the left hand, if it beg 
welt, and draw the true meridian through that point and the center d 
che circle. : : 
. | | 5th, Againl 
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2 5th. Againſt each part draw the, ap earance of the elevated, or low 
ground, as Marked in the ſketches," diſtinguiſhing rocks, cliffs, high-land, 
ſow-land, ſand-hills, &c, If there are any currents, or eddies, expreſs 
them in their proper places by darts, or arrows, the points being turned 
that way the current ſets. Put in the ſeveral ſoundings at low water in 
ſmall figures, diſtinguiſhing whether they are fathoms or feet ; ſhew the 
time of high-water-on the full and change days by Roman figures, and 
tel} the riſe in feet. Put in a compaſs, and a ſcale of miles or leagues, 
fuch as the veſſel's ran was laid down, by; add the name of the place, the 
coalt, and the latitude and longitude, as true as can be obtained. _ 
bth. If there are ſhoals, or fands, on the coaſt, let them be taken by a 
boat failing round them, and keeping an account of the courſes, diſtances, 
and ſoundings. But to put them in the draught, the boat muſt take the 
bearings of two points on the coaſt, the bearings of which haye been 
taken from the ſhip, from ſome part of each ſand or ſhoal ſo ſailed round. 
Or, the bearing of the boat at ſome part of the ſhoal, or of ſome beacon 
in that place, muſt be taken by the ſhip at each of the ſtations where ſhe 
took the bearings of the ſhore; for by either of theſe means one point of 
the ſand being obtained, the reſt of it can be laid down from the boat's 
account. | ; | | 
7th. If the coaſt to be ſurveyed is a hay or harbour, winding in ſuch 
2 manner that all its principal points cannot be ſeen at two {tations, let 
as many baſes, or lines, be run and meaſured exactly, as may be found 
neceſlary ; obſerving that theſe ſeveral baſes run join to one another in 
the nature of a traverſe, and that each new ſet of objects, or points, 
obſerved, be, taken from two ſtations at the end of a known diſtance. 
Or, look out for three or more remarkable objects on ſhare, which 
lie as far out of a right line as poſſible, and may be ſeen from every part 
of the bay or harbour which is to be ſurveyed. From any convenient 
ſtation let the bearing of one of theſe objects be taken with the compals, 
and the angles which are ſubtended by this and each of the others, be 
obſerved witii Hadley's quadrant, Let the ſhip run from this ſtation, in 
a direct line, as fat as the nature of the place will admit of, meaſuring 
the diſtance run by the log. Bring the ſhip to, or come to an anchor, 
and let the angles which theſe objects ſubtend be again meaſured with _. 
the quadrant, and the bearing of that object be ſet with the compals, 
which was ſet before. By theſe means, the ſituations of the objects on 
ſhore will be had with reſpect to one another, and to the baſe line; after 
which the poſition of any point may be obtained, by meaſuring the an- 
gles ſubtended at that point, by any two pairs of them, with Hadley's 
Sth. If any particular parts of the harbour cannot be conveniently ſeen 
from either of the ſtations, take the boat into thoſe places, and having 
well examined them, make ſketches of them, eſtimating the lengths and 


breadths of the ſeveral inlets, either by the tOwing, or failing of the boat, 


taking as many bearings, ſoundings, and other notes, as may be thought 
necellary ; then annex theſe. particular views in their proper places in the 


- 


general draught. 


gth. If there are any dangerous fands, or rocks, beſides inſerting 


them in their proper places, there ſhould be a double line drawn through 


that point and one or more objects aſhore ; and for this purpole, chule a 


F 4 „„ ch 


e ˙ N ⅛ —můͥũje. ——— 


- 


72 PLANE SAILING. Book vn. 


church, mill, houſe, noted tree, a cliff, or any other remarkable thing 
that can be diſtinctly ſeen at ſea, and which can be brought to bear in the 
ſame right line with the point to be avoided. But if that point is under 
water, there muſt be two land- marks brought to bear with the danger, in 
the ſame right line; and alſo two others which are in a direction, a 
nearly at right angles as can be to the former two; and that thoſe land. 
marks may be put down in their proper places in the chart, their bearingi 
muſt allo be taken from two of the ſhip's ſtations... DN EW 
Toth. It ſhould be remarked in the draught what places are unfit for che 
anchorage, and what are fit, by writing rochy ground, foul anchorage, gud rei 
enchorage, &c.; and in the latter to draw the figure of an anchor. Alſo, ne 
if there is any particular channel more convenient to fail through than Hof 
another, it is to be pointed out by lines drawn to its entrance from two ba 
or more noted marks aſhore. | 
The foregoing method of ſurveying a coaſt ſuppoſes in general, that it Mit 
is taken by a ſhip in her paſſage along, not having an opportunity of go. 
ing aſhore. But when the circumſtances will permit the meaſures and 
obſervatiens to be made on land, the ſurvey can be taken more accurately g. 
than on the water. | | 


33. To ſurvey a Harbour by Obſervations on Shore. | b 


1ſt, Make an eye-draught of the place to be ſurveyed ; and in going 
round its coalts, fix ſtation ſtaves, or ſtraight poles, tall enough to be ſeen u 
at a Conſiderable diſtance, in the moſt remarkable points and bendings of d 
the ſhore ; but if at any of thoſe places there is a noted tree, houſe, or 
any other remarkable thing, that obje& may ſerve inſtead of a ſtation 
taff; and it will be convenient to black the ſtaves, and tie a piece of Wifi 
white bunting to the top of each. Thea in the eye-draught put letters ü 
at the noted points, or marks, for the ſake of diſtinction. 1 t 
2d. Chuſe the moſt extenſive and level ſpot of ground you can meet 
with, to meaſure your baſe line on, which ſhould not be leſs than a tent t 
part of the diſtance of the two extreme objects which are to be obſerved; n 
and let the direction of the meaſured baſe line be ſuch, that as many of f 
the ſtations as poſſible may be ſeen from each end of it. The bearing, 
or poſition, of this baſe, muſt be well determined in degrees and minutes; 
and its length accurately meaſured, either by a meaſuring chain, or by à 
piede of log line. i 5 | 
3d. From each end of the baſe, obſerve with Hadley's quadrant, the 
angles ſubtended between the other end and each of the lation ſtaves, or 
objects which had been before remarked at each point or bending of the 
coaſt ; and write them down orderly in your book, or mark them on the 
eye-draught. | 


| | : 
4th. Then theſe meaſures and angles being plotted, or laid down, | 
will give the moſt conſpicuous points of the ſhore ; the intermediate Bi 

| 


ſpaces are to be filled up from the {ketches of them made on the ſpot, as 


in Sch of Article 52. 885 3 

Sth. But if any of theſe objects ſhould ſpread on either hand fo far 

beyond the limits of the baſe, that at either end the other end and thoſe 

objects or ſtaves ſhould appear nearly in the fame direction, or to make 

angles not exceeding 10 degrees; or, if ſome of the remarked objects 
. 1 > f a p 


ca 
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can be ſeen only from one end of the baſe ; then let the bearings of ſuch 
objects be taken from a place, the poſition of which has been determined 
from both ends of the meaſured baſe : or, if there are ſev-ral remarked 
objects which cannot be ſeen from either end of the baſe line, let the 
bearings of ſuch: objects be taken from each of two points, the poſitions 
of which have been taken from both ends of the baſe: or, it may on ſome 
occaſions be proper to chuſe another place, on which another baſe of a 
convenient length may be meaſured, and from the extremities of which 
the ends of the firſt baſe may be ſeen ; and alſo, as many as can be of the 
remaining objects which lay too oblique for the firſt baſe, or which could 
net be {een from it: in ſuch manner proceed until the bearings are taken 
of all the points that are judged neceſſary for completing the ſurvey of the 
harbour. | can corn, ing 5 ” IR 

If a baſe of a ſufficient length cannot be meaſured in one right line, 
it may be taken in two adjoining lines, as the two ſides of a triangle; the 
included angle being accurately taken, and the bearing of either line. 

The poſitions of objects taken by a magnetic compaſs being liable to 
great uncertainties, as is well known to thoſe who have had any expe- 
rience, eſpecially at ſea; the mariner has therefore been directed, in the 
foregoing inſtructions, to take as many of the angular poſitions as may be, 
by the Hadley's quadrant, the deſcription and-uſe of which will be given . 
in the IX th Books * g | | 

54. When the outlines, or limits of an harbour, bay, road, c. are de- 
lineated by the preceding precepts; the appearances of the ſhores, with 
the adjacent remarkable objects, correctly drawn; a compaſs with the 
variation and ſcale properly fitted to the plan; the iſles, rocks, ſands, c. 
marked in their proper places; the ſetting and drift of the currents, and 
tides; the times of high-water on the days of new and full moon, with 
the riſe of water at thoſe times, and whether whole tide, or tide and part; 
the beſt anchoring places, with their ſoundings at low water, and the 
winds open to them ; the beſt track, with the ſoundings all the way ts 
thoſe anchoring- places; the proper failing marks to avoid dangers ; the 
winds, if there are any troubleſome ones, which prevail, and at what ſea- 
ſons; the places where freſh water can be got, and the time in which a 
boat's crew can fill a number of hogſheads at thoſe places; the name of 
the place, the country in, on what ſea, the latitude and longitude ; a 
ſketch of the appearance the place makes at fea upon a known rhumb, 
and at an eſtimated diſtance ; and whatever elſe a judicious ſeaman ſhall 
think proper to inſert; then is the plan fit for all nautical purpoſes. Bur 
as it is uſual to embelliſh ſuch drawings with proper colours, the follow. 
ing obſervations may be uſeful to beginners. So 

55. A draughtſman ſhould be furniſhed with ſonte, if not all, of 
theſe particulars, viz. 1it, Black-lead pencils: 2d. One pair of hair 
pencils, with the quill about the fize of a common. pen, and the hairs 
not ſhorter than 4 an inch, nor longer than Z inch; another pair or two 
of a ſize or two ſmaller ; they ſhould all draw to a fine point when wet- 
ted; and that wet point be drawn through the margin of the flamę of a 
candle, to take off the ends of ſtraggling hairs, if there are any: 20d. A 


© marble of five or ſix inches ſquare, and about # inch thick, in which are 


four, or fix, ar more little round cavities, or cells of about 14 inch 
%%% hed in diameter, 
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diameter, and + inch deep, to put liquid colours in when uſing; or, for 
want of a marble, a few horſe - muſele, or ſuch like, ſhells; 4th. A cale 
of good Indian ink: sth. A little paper of carmine, which is a fine red 
colour:: 6th, A piece of prepared indigo, which is a blue: 7th. A piece 
of prepared yellow: 8th. A piece of a ſap-green: gth. A piece of Spa. 
niſh liquorice, or ſome liquid brown, made by a ſtrong ſolution of to. 
bacco in boiling water: 10th. A ſmall vial of diſtilled; verdigriſe, which 
rs 2 fine ſea-green : Iith. Some gum Arabic difſolved im water. Theſe 
particulars are to be had. at colour ſhops : where the colours in Iumps, 
or liquids, are generally prepared with a ſufficient quantity of gum in 
them; but thoſe in powders muſt have a pencilful or two of gum water 
put to them, when they are uſed, Gs EIN | | 
The colours in lumps are beſt uſed by rubbing one end of the lumy 
gently in a cell in the marble (or on a tile) till as much is wore off as h 
judged neceſſary for the preſent uſe ; and it is beſt to rub off freſh coloy 
as it is wanted, and not to have too much at a time. If the colour fir 
rubbed up is too ſtrong, as it generally is (unlefs for finiſhing touches) 
put one or two pencils full of that; colour into another cell, and lighteg 
it with one or more pencils full of water; remove ſome of this ſe- 
6 cond colour into a third cell, and. lighten this with water; and, ſo to 2 
218 fourth cell; by this four different tints of that colour will be had, which 
| will be found quite ſufficient in the moſt finiſhed piece; in moſt caſes 


TWG 


% 


two tints will do. 5 3133 4 8 3 
In the uſing of liquid colours the pencil ſhould be well wetted with the 
colour, and then gently drawn acroſs the edge of the cell, to bring the 
pencil to a point, and free it of ſome of the colour; for, the pencil ſhould 
not be quite full, unleſs it be to cover a large ſpot of the drawing. 
56. When a perſon, unaccuſtomed to the uſe of colours, begins to work 
with them, he may acquire by degrees a facility in laying them, well on 
paper. I hus, with a black-lead pencil draw two parallel lines at about 
Z inch apart, and with the lighteſt. of the aforeſaid tints (ſuppoſe of Indian 
ink) let him try to colour the ſpace between theſe lines; and repeat tie 
trial with other lines, until he finds he can cover the ſpace with an uni- 
form tint, and keep exactly between the lines. Let him try in.like manner 
with all the tints gradually to the,deepeſt (which is about as black gs,good 
writing ink) and the moſt difficult to uſe; and when he finds he can fuc- 
ceed in all the tints, and his- hang is accuſtomed. to keep the colour ex- 
aly to a line, which he may acquire in a few days, he may proceed thus: 
Vith a pair of pencils fitted on a ſtick, one for colour, and the other for 
fair water, let him lay a tint cloſe to a ſingle liqę, and ſoften off the othe 
| | margin with the water-pencil; let him try tg da,this in ſeveral examples, 
ſome on one fide, and ſome on both ſides, of the colour, taking of diffe- 
rent tints, until he finds that he can ſucceed ſo, that the colour ſhal, 
| from the deepcit, gradually become fainter and fainter, until it loſes itſel 
in the whiteneſs of the paper; obſerving; iſt. not to lay on a tint longs 
than 14 or 2 inches, before the water-pencil is applied to ſoften its mat; 
gin, leſt the eolour ſhould dry too falt.:, 24, not to have the water-pen- 


[i 
1 


eil too wet, leſt it run into the tint too much: 3d. at each length the 
1 water- pencil is ufed to, let its point be ſtroked on the hand, or on 2 
1 waſte-paper, to take off the colour, it had imbibed in waſhing that length 
+ otherwiſe the next length might be of a different tint, 
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The foregoing obſervations being well attended to, will enable a be- 
„inner to work properly with colours, in plans. But it muſt be confefled, 
chat half an hour employed in ſeeing theſe operations performed by an ar- 
tiſt, will furniſh more knowledge in theſe matters, than can be drawn 
from a multitude of verbal inſtructions only. 


57. The young artiſt knowing, how to uſe his colours, and graduate 
their tints, may proceed to colour the plans of harbours, and their coaſts, 
thus : gn th „ | ” 

The ſhores on the. land- ſide are to be ſhaded with Indian ink; the 
breadth of the tint being within the limits of about g and + of an inch, 
and laid on at three times; viz. Mt, A light tint laid cloſe to the ſhore, 
with the margin on the land- ſide ſoftened off: 2d. A deeper middle tint, 
laid alſo cloſe to the ſhore, but of a leſs breadth than the former, and the 
inſide margin alſo ſoftened off within the fixſt waſhing: zd. A fine line 
traced on the ſaid thore, with a hair pencil charged with the deepeſt tint, 
and not ſoftened on either fide, DE - 
Ib ſhores on the water-ſide are to be ſhaded with diſtilled verdigriſe z. 
the breadih of the tint about 2 inch, and laid on at twice; for the firſt 
tint, about half water and half colour, laid cloſe to 5 ſhore, and the wa- 
ter · ſde margin waſhed; the ſecond tint of verdigriſe only, narrower than 
the former, laid cloſe to the ſhore, and not waſhed. „ 

Sands, dry at low water, to be covered. pretty thick with fine black 
points (ſee figures 12, 16, 18, 20, in Plate IX.) the fand coloured with 
brown, and the borders on the water-ſide ſhaded with verdigriſe waſhed 
or ſoftened. ws | Ro a | | 
The plans of buildings on the land to be coloured with a light tint 
of carmine, and the limit, on the inſide, touched round with a deeper 
tint, | ENG 30 11908 FO 2 034 

Freſh waters to be expreſſed by a colour of half verdigriſe and half fair 
water, ſhaded with a light tint of indigo; or with a tint of indigo alone, 
of alight ſky-colout, interſperſed with fine ſtreaks of white. | | 

Green colours of various tints may be made with ſap-green, yellow 
and blue rubbed together, with a pencil- full of verdigriſe among them; 
and with ſuch colours woods and graſs lands may be expreſſed, when 
properly broken in with trees, buſhes, and little irregular daſhes with In- 
dian ink, * 8 . | 1 5 
Arable or ploughed land is expreſſed by covering the ſpot in the draw- 
ing with a kind of broken parallel lines, done by a hair pencil dipt in a 
brown or clay colour, = | | | 7 

Muddy ſhores at low-water are ſhewn by laying on a middling tint of 


Indian ink, and laying over that a tint of light verdigriſe. 


'The drawing and colouring of rocky ſhores, ſteep banks, hills, marſhy 
ground, and the manner of breaking the ground in plans, &c. are beſt 
gained from examining a coloured plan done by a proper proficient ; but 
where that is wanting, a pretty good taſte may be gained by conſulting 
3 plans and views, ſuch as are in Lord Anſon's voyage round the 


| Sea- 
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Sea-· draug hts taken according to the preceding precepts, and | 
drawn and coloured, befides 2 real —— —_ — of, cannot ag 


recommend the young mariner, who ſurveys and conſtructs them, to the 
notice of his ſuperiors. = 1 


SECTION XI. 
To eſtimate Diſtances. 


Beſides the method of finding the diſtances of remote objects by trige. 
nometrical computations, there are two other means which may be uſe. 
fully applied when the former cannot; and theſe are, the notion of found, 
and the curvature of the carth, | | 


pn 


58. Of the Moria of Sound. 


It is a well known obſervation, that the noiſe or found arjſing from 
any blow or ſhock, made at a diſtance, is always heard ſome time after 
the ſtroke is ſeen, or known to be given; and hence it is generally con. 
cluded, that the ſeeing of any act done within view is inſtantaneous, but 
that found travels at a perceptible rate. | | | 
Some of the moſt eminent philoſophers, judging that the knowledge of e 
the flight of ſound might be of uſe on various occaſions, have been at 
extraordinary pains and expence to meaſure the rate at which it moved; 4 
and the reſult of their experiments, particularly of thoſe which were beſt b. 
conducted, is as follows. 1 | 

iſt. That the velocity of ſound is the ſame, whether by fea or by WW" 
land, in dry or in rainy weather, by day or by night, in winter or 
ſummer. 3 TEES | 5 
2d. That ſound, whether more or leſs ſtrong, flies with the fame ſwiſt- 
neſs. For, by experiments, a cannon fired with a half- pound charge of 
powder was heard at about the diſtance of 17 & miles in the ſame time 
after the flaſh was ſeen, as it was when fired with a charge of 6 lb. 
3d. That the times in which ſound is heard are proportional to the 
diſtance; that is, at a double diſtance it is heard in twice the time; at a 
triple diſtance in thrice the time, &c. | | 
4th. That ſound flies quicker or lower by juft the velocity of the 
wind, according as it blows with or againft the motion of the ſound. © 

5th. That ſound travels at the rate of about 1142 feet, or 380 yards 

in one ſecond of time; fo that | : 

Sound moves in 1 ſecond, 1142 feet, or 380 yards, | 

| 1 minute 22840 yards, or about 13 miles. 

Which is about a miles in 4,6 ſeconds, or about a league in 14 feconds. 

But fea miles are to land miles nearly as 7 to 6. (V. 73) 

herefore found runs a ſea league in about 12 ſeconds of time. 
| Ie is a common obſervation, that perſons in good health have about 75 
pulſations, or beats, of the artery at the wriſt ina minute. | 
: „ 59. There- 


e 


n wwe A og of 


— 


Therefore in 75 pulſations found flies about-13 land miles, and 
about 11 + ſea miles; which is about one land mile in ſix p — 
il to 

And hence the diſtance of objects may be found, by knowing the time 


| bout one ſea mile in near ſeven pulſes, or a league in 20 pulſes. 
the | 


which ſound takes to move from thoſe objects to an obſerver. 


ExamPLE. Upon ſeeing the flaſh of a gun at ſea, I counted 56 beats of 
the pulſe at my wrift before 1 heard the report: How far was that gun 
from me? | DT . | 


Now 56 divided by 20 gives 2,8 leagues, or about eight miles. 
bo. To find the Corſe ſteered by a Ship ſeen at a diſtance. 


igo· 0 | | a 
uſe. A ſhip lying to (at o,) may diſcover the courſe (ac,) which a veſſel 
und, 


ſeen at a diſtance is going on; by — at two known intervals of time, 

nn oh TY 

In a line POR, drawn at right angles to > 
the middle bearing oT, take op, OR, as 
the given intervals of time, in minutes, 
taken from any ſcale of equal parts; and 
through r, R, draw lines parallel to or, 

cutting os, OV, in A, . 355 
Then a right line drawn through A and 
ey cutting OT in B, will ſhew the poſition, 


three bearings (os, or, ov) of that ve 


e of er the courſe, that veſſel was failing. | C2 
n at For drawing ca parallel to Re, and cutting PA, oB, in a, ö; then 
ed; ab, bc, equal to po, OR, are as the times; and ſo are the lines a, Bc, 
beſt by ſimilar triangles. 3 | | "© IN 
Although by this method the apparent courſe may be determined, and 
r by alſo the relative diſtances at any propoſed times; and among others, the 
r or {neareſt or leaſt diſtance; yet the abſolute diſtances are not hence to be 
| found; and if the obſerving ſhip ſhould change its place in the mean 
viſt time, the poſition of Ac will become uncertain. 
e of | | 


ime ew _ Of the Curvature of the Earth. 


the . Moſt perſons know, that if they are raiſed above the ſurface of the ad- 
at & cent land or water, they can ſee not only diſtant objects that lie on that 
ſurface better, but alſo ſee thoſe which afe more and more remote, as 
the hey advance higher. The irregularity of the ſurface of the land will 
| not be ſubj ected to any one rule, that will give the diſtance to which 
ards objects may be ſeen at different elevations; but at ſea, where there 
is generally an uniform curvature of the ſurface of the water, the ſphe- 

rical figure of the Earth being admitted, thoſe diſtances may be caſily 

les. * uted. 5 8 | £7 | | {a2 
62. Let (ſee fig. 12. Pl. XIV.) the eye at & be raiſed the height 28 
above the ſurface s of the water; then it will ſee an object at / on the 
78 — in the tangent Ey, which is the diſtance of that object from 
. 8 : 
gre- | | | Now 


— —— 
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Now in the triangle E c, right angled at 5j there are known the 
fide cf=ſemidiameter of the Earth, and the fide cE equal to the ſe. 
midiameter cs increaſed by SE the height of the eye: to find the tan. 


Then (II. 113.) Ef=y TE = —G* | 

ED OATS IT SP ES VR 
That is, To the Earth's diameter add the height of the eye, multiply oh; 

ſum by that height ; then the ſquare root of the produtt is the diſtance, at 

which an object on the ſurface of the water can be ſeen by an eye ſo elevated. 
And by this Rule was the table at Article 65 computed, the diameter 


of the Earth being taken at 41798117 feet, according to Sir Iſaac Ney. 


/ "<Q 1. * 


This table may be uſefully applied to eſtimate the ban fan objed 
nt ſea, the elevation of that object above its horizon being known. 928 


ExAMPLE I. Sailing tnvards a headland, on which 4 4 lighthouſe, ek. 
vated boo feet above the ſurface of the water, we ſaw the lights at night juſt 


appearing in the horizon : How far were we at that time diſtant from thi 


light houſe? | . . VVV: 


Seek in the table at Article 65 for 600 feet in the column ſignel 


height in feet, and right againſt it, in the column ſigned di/tance in miles 


' Kands 29,994 3 ſo that the diſtance may be reckoned about 30 miles. 


ExAMrIE II. Being walking on a ſandy beach, in company with fun 
merchants who were looking out for a veſſel which was then expected, anl 
theſe top-gallant maſt was 140 feet above the ſurface of the water, we ob- 
ſerued, with a teleſcope, a ſhip's vane juſt appearing in the hoxizan : Hau 


far off was that. ſhip, ſuppoſing it the veſſel expetied ? = 


ANSWER. Againſt 140 feet, the height, ſtands 14,448 ; that is, her 
diſtance is 142 miles. 3 e 1 


63. Here is no allowance made for the height of the eye above the 


Horizon; but it is obvious, that the higher the eye, the farther it can ſer, 


Now as objects are ſeen in a ſtraight line, and that · line is a tangent u 
the earth's ſurface, therefore it follows, that fo find the diſtance of tw 
elevated objecis, when the right line joining them touches the ſurface of th 
Earth, between thoſe oljec's ſeek the diſtance anſwering to each height, an 
the ſum is the diflance ſought. „ 


* Thus in Example II. ſuppoſe the eye is raiſed fix feet above the water's 
edge, it can fee an object on the ſurface 2,999, or three miles off; this 
diſtance being added to the 142 miles, makes the diſtance of the ſhip to 


be 175 miles. 
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Exam III. 4 man being en the main-top-gallant maſt of a man of 
Un, 200 a ee eater Ids 2199's „ Jhip Ne bad tngaged the day 
fore, hull to: How far were theſe. pip . 5 


in- 
un N 
A ſhip of 100 guns, or 4 firſt rate man of war, is about 60. feet from 
he keel to the rails; from which deduct about 20 feet far the draught of 


water, leaves 48 feet for the height of her quarter aboye water: now a 
hips cen alf u, when bet upper works Joik dtapper r, 


CO INTELL) E SET reer! ke 
; | Then 200_ Trot high. give: :r-2: 117,316-miles. _ 
And againſt 48 feet ſtandd 7, 744 miles. 


s 
: 
: 
F 
4 
; 


bY Their ſum, w hich is : 25,060 miles, is their diftance, 


64. It might- perhaps hereafter be found uleful to matiners;” uſd a 


lin of che maſt confiderable lighthouſes; and other elevated- objects in fif- 


ferent: parts of the world, be obtained, together with their heights above 
the water. For as ſome of theſe objects are ſo high as to be ſeen at the 
diſtance of 30 or 40 miles, and even more; and as their diſtances upon 
being firſt ſeen. could be known near enough by the table at Art. 65. 


were their heights known; therefore ſuch a liſt might, on ſeveral ca- 
ſions; not only give much ſatisfaction to a ſeaman, but even become of 


great uſe to know his: diſtance from thofe objects, as he could thereby 


know how to increaſe; or ſlacken ſail in order to fave his tide, or other 


nicate them to ſome public body; therefore the curious in thoſe matters 


7 ö 1 * oP : * AP * 4. | 0 0 1 = Us 
muſt be contented at preſent with what 15 here already laid. $4 
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[Height Diſt. in nt ift. in Jitt. in {Heighc [Diſt. ia |Height Biſt. in | 
in Feet mi I mies. {hn = miles. in feer f mile. in feet I miles. | 
. 897% 240 8,969 7 
2 ans 245 | 39,165), 78010 
2 9405 - 250 | 19,360 300 
4 94] 255 [19,553 820 4 
5 995724}_.250" | 199743] 4. U 
6 20,097} 26519932 860 
7 10,317 -270 | 20, 119 880 
8 10, 533. 275-| 20, 305 goo, 
9 10, 745 280 20, 489 920 
ro _ f_ 10,952] 285 | 20,67: 940 
7 11 11,1 56 290, 20,851 F< | 
12 11,355 295 A 91 80 
4 8 1552 3% Pn 15 
: 14 11,745 310 215,558 1030 | 5 
1 15 1179320 320 252283 100 jo | 36 
1 16 121210 336 22,243] 1695 
6 17 yl ] 223578} 1120 
j 18 al, 1 4 ? 
ö 8 23232 11 ] 
; 23 | 235533 1216 42, 
21 235869 1240 
22 24, 1870 1270. 
1 0 44, 489 1300. 
24 | 242793] 2330, 
* 25 4.252094 5 — 
i 26 25, 391 1390 
27 | 25:55] 1420 
29 ; - 261 1480 
; 30 _26,5345}} 150" 
31 26,826 1540 48,052 
32 275104 1570 | 48,517 
33 27,379 2600 | 48,979 
34 27,652 1630 | 49,436, 
36 28,189 1690 50,338}. 
37 28,454 1720 | 50,782 
38 28,716] 12750 | 51,223 
39 28,976} 1780 | 51,661 
40 299233] 1810 | 52,094 
| 41 299489] 1840 | 52,524 
1 42 29,742 1870 | 52,951 
1 43 29792490053, 374 
| 44 3,489 1930 | 53,793 
* 45 30,976 1960 | 54,210 4 
q 46 | 31,457] 2000 | 54,76: 
| 47 31,930 2050 58511. 
48 32,396 2100 56,1130 
49 | 32-355} 2150 | 56,777 
= 33» 309i 2200 | 57,434 
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66. 4 TRAVERSE TANKER 


To every Point and Quarter Point of the 


Compaſs or Horizon : 
bb FOUR PAGES © 
AVD ALSO, 
67. A TRAVERSE TANKER 
To every Degree and Quarter Degree 


of the Compaſs or Horizon : 


In FORTY-FIVE PAGES. 
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o Point 


1 Point 


TRAVERSE TABLE, 6 


6. 


Dep. | Lat. j Dep. 


0,99 
1,99 
2,99 
3598 
4,98 
5597 
6,97 
7,96 
8,96 
9.95 


I1,94 
12,94 
13,93 
14793 
9,7915,92 
0.84416, 92 
0, 8817,91 
0,9318, 91 
79819, co 


10,95 | 


235512 $372 
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Dep. 


0,98 


0, 20 
0,39 
0759 
0,78 


| 


I,17 
1,37 


1,76 


2,15 
2,34 
25,54 
2573 
2.93 

; 3z12 
3,32 
3551 
3571 
3,90 


2,651]26,71 


21,58 


322 
2,56 


3737 
3552 
3567 24, 52 
378 1½ 5, 50 
3796026 
4,11 
47525 


4.40 
0X 


237554 


9 


4710 
429 
4549 
4,68 
4,58 
$07 
5527 
5,46 


5,85 


339]33-63 
3743 34,62 
3553 35-61 
3563 36, 60 
3»72137>59 
3782 38, 58 
3922.57 


45,84 


4+55 
470 


+ 
5514 
5528 
543 
5558 
5572 
5,871[7 


6,05 
6,24 


6,63 
6,83 
7,02 
7722 
7341 
7,61 
7,80 


1,56 


—. 


5,66! 


6,44 7 
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Dep. | Lat. 


Dep. ſ at. 


0,97 
1,94 
2.91 
3,88 
4-5 
5,32 
6,79 
7»76 
8,73 
9,70 


o, 24J 0,96 
0,49] 1,91 
0,73] 2,87 
0597] 3,83 
15,21 4,78 


1,460 8774 
1,70] 6, 70 


15940 7,66 
2,19] 8,61 
243} 9557 


, 29 0,94 
0,58 1,88 
0,87 2,32 
1516 3,77 
1345: 4571 
1,74 5,65 
2503 6,59 
2332] 7553 
2,61|.8,47 


10, 6 

11,64 
12561 
13.58 
14755 
1552 
16,49 
17,46 
18,43 


19,40] 


2,5710, 53 
2 9211,48 
*3:16 12,44 

3:40] 3:40 
36414435 
3·89 5,32 
4,1316, 27 
43 


3, I9 10,36 


337 7j12324 
4-08 3z 18 
453 $114» 12 
4,6411 5,06 
4.93116, 01 


7117,22 
45,6218, 18 
48 19,1 


5522J16,95 
Ih 17,89 
5.818,83 


348ʃ11,30 


2 


— — 


2,90, 9,42 


20,37 
21,34 
22731 
23,28 
2425 
25,22 
26,19 
27,16 
28,13 
29,10 


5 10ʃZz0, 1 
5535 21:05 


5,592,010 6 
8˙ 832,97 
6,7% 3,92 


6, 3224,88 
6, 5612 5,84 
6,80j26,79 
7505 27575 
7729028, 71 


10511 


27,7211 ih 


30,07 
31,04 
32,01 
32,98 
33.95 
34592 
35789 
36,86 
37,33 
38, 80 


775 329,66 
7777 39,062 
8.020315 53 
8,26 32,54 
8,033,409 
8,75 3445 
8,9903541 
9723 36, 3 


9443137, 34/1 


9,72138,28 


10,44 
10,78 
11,12 


111,45 


11,79 
12,46 


8072, 80 


13,14 


12,13 


13,483 


28,6 11,86 | 


431 
80 4,41 


402149 56 
45124 1,54 
47521042, 53 


44751 
45˙50 
6,49 
47,48 
48 47 
49,46 


4+51 
4,61 
4570 
4,80 


4-90 


4352] 6 


6,024 
6,16 
6,31 


6,60 
6,75 
6,90 
74 
7519 
7» 34 


2 8,97 


49,04 


8,00 
8,19 
8,39 
8,58 
8,78 


9,17 
9,37 
9,56 

9,79 


2,655 3,74 
27054,73 
25788573 
2, 8066,72 
2,8505772 
2,9058, 72 
2+0 5,39+71 


5210 


5 0050,45 


51,44 
5 1952,43 
5-29;53941 
5-39'54:40 
$449 5 5539 
5.59. 56,38 
5568 57,37 
5,78 58.36 
5,88 59,35 


Lit. | Dep.] Lat. Dep. | 


of 
2 


1 = 


{ 


6 


7,48 


51,98 


54792 
55501 


| Dep. 


50,02 
51,00 


52,96 
53794 


56,89 
57:87 
58785 


9,95 
10, 15 


10,34 


10,54 
10,73 
10,92; 
11,12 
11,31 


39577 
40,74 
41,71 
42,68 
43,65 


45759 
45,56 
47553 
48, 50 
49,47 
50,44 
51,41 
52,38 


4462111, 18 


9:96(39,23 
10, 2040, 19 
10,4541, 15 
10,6942, 11 
10,9343, os 


12,63 
12,88 
13,12 


50,72 
51.67 


53735 
54732 


55729 
502 


Lat. 


4 


13,36 
13,61, 


52,63 
5359 


13,8 554,55 
56,2614,09,5 5, 50 
11,51 57,2314, 3456,45 
53,20 


14»58.57542 


1,90138,60 


12519 


502 13,3 J43731 
11,424,983, 6444,25 
11,6614.5,9313,93:4.5,19 
11,9146, 8914, 2 
12,1547,8514,5147708 
12,3948, 8014. 80048, 02 

[49,76 15,09448,96 


154394 
I5,67 
55965 1,78 
16,25 52,73 


16,84 54,61 


2 


» 54- 


514 


9590 
50,84 


16, 4.53567 


1713 55355 
| 17,42 36,49 
Dep. Lat. Dep. Lat Dep. 


13781 
14,15 
14 
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14,83 
15715 
15550 
15,83 
16,17 
I 6,5 I 


16, 84114 


4 3342 
44535118 


4.5327 
6,19 


17,18 
17, 52 
17586 
18,19 
18,53 
18,80 
19,20 
19,54 
19,85 
20,21 
Lat. 


47713 
48,0 
48,97 
49,8 
50,8102 
517574 
52,66 
53759 
5455! 
2.4. 
Dep. 
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TRAVERSE TABLE, 66. 83 


o Point 1 ; 1 Point 2 une. 


FFT ( 
© 2 . Dep | Lat. Dep. Lat. | Dep. Lat. Lat. | Dep. Lat. | Dep. || Lat. 


8,95 59,83 11,9059, 17 14782 58,37 17,71 57: 43 440, 59,7873 61 57 8 
9,1060, 81 12.8141 8708 59,3318, ocſ58, 3 J [57,28 23,73] 62 
9,4 61,79 12,29 61,71 15,3160, 29 18,29 59,32 21,22 $8,21/24,11 6j 
9,39 62,77 12,48 62,08 15,5 506 1,2418, 58060, 2 21,56 59, 1324,49 64 
9,54 63,75 12, 68 63, 51 5,7962, 20 18, 876 1, 20 1, 9060, o5 24, 87 65 
9,68 64,7312, 8 64,02 16, 04063, 1619, 62,14 22, 3 60,98 25,26 66 
9,8306 5,7113, 07 64,99 16,2864, 1119, 4 5063,08 22,57 61,90 25,64] 67 
979866, 6913,27 65,96 16, 5265, 19, 74064, 02 22,9162, 82 26, 02 68 
10, 1267, 6713, 46 66,93 16,7766, 03 20, 03064, 97 23, 2463,75 26, 40] 69 
410, 2768, 66 13,66 67,90,17,08 66,99 20,32105,9112.3z 58/ 64:67.26,79] 
* — | 
10,42 69,64 13585 58,87 5877,25 67594 20,617 1066, 8 53,92 55,6027,7) 71 
10,56 70, 6214, o5 69, 84 17, 4968, 9020, 90067, 7924, 26 66,52 27555 72 
10,71% 1, 6014, 2470, 8 1 17, 74069, 8621, 1968, 73 24, 59 67,442,940 73 
10, 86/2, 58 14,4417 1,78 17,9870, 81021, 48869, 67 24,9368, 37 28, 327 | 
11, 00 73,5614, 6372, 7518, 2271,77 21,770, 622 5 27 69,29, 28,70] 75 
11,1 5½4, 5414, 8373,72 18,47%, 322, 06% 1, 565, 60/70, 21 29,08 76 
11,3075. 525, 274, 69 8571/73, 68 22, 3572, 50,9471, 1429547 77 
11,45%, 50 15,2275 66.13,95 74,6422, 647 3,44 26, 28 72,0629, 85 78 
11,59 77,480,476, 3 19,2075, 602, 9374,38 26,672,993, 22 79 
11,74 78,46 18.610 77⁵⁰ 19.44/76, 55 23,22 5, 32 26,95; 73»91/30,61 80 


11,88, 79,44 15,80 78,57 19,6877, 5123, 576, 2727,29 174,33 31,0c| 81; 
12,03 80, 43 16, 0079, 549,928, 47 23, 8077, 2127, 6275,70 31,38 82 
12,188 1,4116, 19 80, 5120, 1779, 43 24, ogſ78, 15 27,966, 68 31,76 $3 
12,32 82, 3916, 30 8 1,48 20, 41080, 38024, 38079, 09 28, 30177361132; :14] 84 
812,473 337 16, 58/$2,45/20,65]81,34/24,67]80,03/28 6378, 5332,53 85 
12,62 84,35 16,7883, 42 *. 82, 3024, 96080, 97 28, 9779, 45 32,9 86 | 
12,7685, 3316,97 84,39 25521081,91029, 3180, 38 33,29 87 
12,9186, 311,178 , 36 1 29,6581, 3033,67] 88 
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70,92 3,48 77 
71,91] 352 71,65 
727910 3,5872, 65 
73491 3-0 7374 
74,9 3,6807464 
15291] 39737 5903 
76,910 375[70,03 
77,910 3,8377762 
78,9 3,8878, 62 
79,90] 359 079761 
$1] 80,900 3,9080, 61 
$2] 81,900 4,0208 1, 60 8 
$4] 82, 90 4407 82,60 
$4] 83,90 4, 12083, 59 
89 84,90 4417134459] 8 
86 8 5, 900 4,228 5, 58 
; 86,90 4427 86,58 
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$7,89| 432187, 58 
$g| 88,89 4, 37088, 57 
go] 89,89 442 39,57 


91] 90,89] 4,47490, 56 
92 91,89 4,521, 56 
9192,89 4,560 2,55 
94] 93-39] 4,613, 55 
95 933 4,6694, 54 
96] 95485] 4.715,54 
9796,88 4,766, 53 
98] 97,88] 4,8107, 53 9,6 
99 98,88 48608, 52 
oo] 99,88 4,9 109, 52 
o11100,9 | 4960100, 5 
02 101,9 5,0101015 
0302, 9 5,05fto2, 5 
041039 3,10 103, 5 
059104,9 | 5+15110445 

10519 | 5s 

071106,9 5525 106, 5 
0o1107,9-| 5,30 frog, 5 

108,9 5,3108, 5 
1910949 | 554 


. * 17,3686, 33 25,8313 3,80 29,9882, 23 34,06 89 


13,35 89725 17,788,272 30, 6684, o7 34,85 91 
13,5090, 2312, 95089, 24 62 30,99 85,0035, 21 92 
13,651,2118,34052 31,33085,92 35,59 93 
873,79 2,19/18, 34: 91,18 31,67 86,85 35,97 94 

13,943,180 18,542, 15 32,00 87,27 36,35 30 


14, 09 94, 71618, 7393,12 32,3488, 69 36, 74 96 
5114923 9514/18,92/94,09 
14,3896, 12 19, 1295,06 
14,53 97,1079, 31096, 03 

1456798708 19251 97, oo 
14-82|99,06/19,7c 97,9724» 54 96,6 5 29, 3295, 1034,03 93, 31038, 6801 
7 100,0 19,90 98,94 24,7897, 6129, 6106, o4 34, 3694, 24 39, 05102 
9 


„3322, 6889,62 37512] 97 
327133201 [90,54\37,5c| 98 
33,3591, 4637,88 99 
32˙6992,3928722J00 


15,11 101, c, 5999, 910 5, 398, 5629, 906, 98 34,70 95,1639, 42 03 
1 5,26|102,0/20,29\100,9125,27199, 52/30,19:97.92|3 5,04 96,08 39,8c{r04 
15,41 103, o[z0, 48101, 925, 5100, 5 30, 4898, 86 35, 3797, 0140, 18005 
1555104, 00, 68 102, 8 5, 760101, 430, 7709, 80035. 717,93 40, 58106, 
15,70 104,9]20,85 103,82, 00 102, 431, 06100, 7 36, o5 98, 86 40, 9 f lro⸗ 
15,8 5105,92 1,0 104, 8 26, 24103, 431, 350101, 736, 38 99,78 41,33 108 
15,99 06, 9 1, 27105, 726, 48104, 303 1, 64102, 6 36,72 100,41, 710109 
58 16,14 107: 21,46 106,726, 73105, 331,9 30103, 637,06 1016 42,06 110 
1111 10,9 5,4 110, 16,29 108,0 77585 10, 726,97 106, 2 32, 22104, 537, 39102, 6 42,43 111 
12 111,9 5,5111, 5 16.43 109, 8 21, 8 5108, 627, 21107, 232, 51105, 513747 31103 542, 86112 
131112,9 | 5,5 0112, 5 11, 081 11, 3 16, 58110, 8 22, 05109, 627, 460108, 1032, 800f 06, 438,0 104, 443, 24J1 13 
14 13,9 5,5901 13,5 11,1 1125801673 111,822, 24110, 27,009, 7 33-091107,3/38,411105,3/43>63 114 
151114,9 5,641 14, 4 11,7713, 8 16,87 112, 8 22, 441 11,627, 940t 10, 0033, 384108, 338,74 106, 244, 01015 
16 15,9 5,691 15,4 11,371 14, 717, 2113, 8 22583 112,5j23,18]111,0|33z07j109,2 39,08 107,2 44939 116 
1716,95, 74116, 4 11, 471 5,7 17,1714, 8 22, 83113, 528, 4301 12, 0 33, 96% 10, 239, 42 108, 11444771117 
19117,9 5,791117, 411, 5701 16,717, 310115, 723, 02 114, 58, 671 12,934,201 139,75 actes 118 
1191 18,9 a 11,6601 17,717, 4601 16,7 23,22 115,4 28,91. 13,9 3454ʃ 12, 040, 9109,94 5540119 
1201119,9 889119, 4 11,76 11897 17,61 11757123,41||116,4/29,16,114,8/34,83/113,0/40.43|1 119,9/45, 45:92Þ12c 
Dep. Lat. | Dep. Lat. | Dep: Tat. Dep. | Lat. Dep. Lat. | Dep. | Lat. Dep Lat. | Dep. Dep. Lat. 
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1 $: 4. 0 1.53 3 
Dep.] Lat. Dep. | Lat. | . Dep. || Lat. | Dep. | Lat. 
0,43] 0,88| 0,47] 0,86 0,56|| 0, 80 0,60] 0,77 
o, 88] 1,76| 0,94] 1,71 1,11 1,61 1,19] 1,55 
1,23] 2,650 1,41] 2,57 1,67 2,41] 1,79] 2332 
1,71 3:53] 1,89 3,43 N 2223521 2,38 392 
23144 4:41 a 429| 2,57 4:16] 2,78 4402 2,98 3.86 
2,56] 5729 2,83] 5,15) 3,08 4,99 3,33 4:32] 3,57 4 

2:99] 6,17] 3,30 6, o0 3,60 5,32] 3,89 562] 4,17 5541 
3,42] 7,05| 3,77] 6, 860 4, 11 6,6 4,44 6,443) 4:77] 8,18 
3-35] 2.94 4,24 7,72 4,63 7,48] 5, o 723] 530 6,96 
4 28J 8,82 4,71] 8,58 5, 14 8, 32 5, 56 8,03 590] 7273 
4,70 9,70 5318] 9,430 5,65 9,18 6, 118,830 6,55 8,50 
513010, 58 5,66110,29] ö, 17 9,98] 6,67 9,64 7,15] 9,28 
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4 Point: 5 


— 70 
5 2:39 278 7,72 

8,06 8,49 5 
8,73 9519 9,10 
9,40 9,90 0,90 
10,0% 1e, 6110, n 
10,7 5/113 111, zl 
11,4212, 02 12, on 
12,09 
12,76 


5,56{11,46| 6,13111,15| 6, 6810, 81 7, 22 10, 440 7774/10, 05 
5,9912, 350 6, 60012, 01 7, 2011,64 7,781,240 8, 3310, 82 
6,4113, 23 7,07]12,387| 7,1012, 47 8, 33 12, os] 8, 931 1, 59 
6 8414, 11 7,54113,73| 8, 2213, 30 8, 8912,85 9,52 12,37 
7527/14, 99 8,1014, 58 8, 7414, 13 9,453,610, 121 3,14 
2,7015, 87 8, 4801 5, 44 9, 54, 9610, 014, 460, 713,91 
8, 1316,76 8, 9 16, 30 9,7715, 8010, 56 5, 26N1, 314,69 
8.501764 9,4377, 15/10, 2816,63 11,1216, 06 $1.91 I 5:46 


8,9818, 52 9, 9018, 0110, 380 17,4611, 6716,87 12,51 16, 2313,21 5,5614, 10 
9,4119, 4010, 3718, 8711, 3118, 29 12, 2217, 67/13, 117,01/13,95 16,30 14,77 


9,83 R, 2810, 8419, 7311, 8219, 12 12,7818, 413,7 17,7814, 597,041 5,45 
10, 20 1, 17 1, 310, 5912, 3419, 9513,3419,28014, 3 18,5 501 5,22J17,7816, 12 
10,69|22,05|11,78]2 1,4412, 8 520, 78,13, 89 20, 0814, 8919,33 15,8618, 5216,79 
11, 12g, 93 12, 2 5E, 30 1233 21,6114, 45 20,8801 5,49 20, 1016, 4919, 2617, 4618, 3818, . 
11,55 3,8 112,723, 16013, 8 22,4515, oo 1, 6816, 20, 8717, 12420, o1018, 13019, 0919, 00 
11,974,691 3, 204, oz 14, 39023, 2815, 562,49 16, 681, 6412, 7 , 
12,402 5, 5813, 694, 88 14,9124, 1116, 12½ 3,2 17,2802, 42018, 39 · 1, 49 19,4820, 51 WIN 
12,836, 4614, 140 5, 731 5, 4224, 9416, 67 24, 10017,823.19/19:03E2,z320,15 21,21 5400 


= 14»61Þ26,59/1 5,942 578 1722 24, 9018, 46 3,96[19,67]-2,97]20,82þ21,92/21,91 
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0,7 18, 81019, 8019, 0 


13,682 8,2301 5, 097, 4516, 4526, 6117,78 f 5,7019, O6E4, 7420, 30a, 7 112 1, 4922, 632, % 
14,1129, 1101 5, 56628, 31 16,9627, 4418, 3426, 5119662 5, 5 120,934.42, 16023, 33 35% 
14, 54 9,9916, 0329, 16 17,488, 27 18,89 27,3120, 25 6,28, 1, 57, 5, 19 z, 8324, og, 
39317,64½14, 97530, 8716, 5130, oz 17,999, 10 19, 451K 8, 1 10, 8 57, 0 512232112 5,93123»511 24,7 5/2475 
| 2,54 5,3963 1,7616, 08030, 88018, 51 19,930.20, be 8,9121,4 5 7583022, 846,67 4,182 534 $499 
137 33,45 5, 82 32,64 17,453 1,7419, 230, 7 20,56 29,721220 8560 24,4 7 421! 485 2 16126, 16 
3934-3 56,2833. 52 1.92032, 66.19, 5331, 5901, 12 30, 522,049,374 28, 1602 5, 5226,87 26,87 
3 


3913 52 16,68 34 49118, 30033, 45 z0, o 32542021,67 31,323,230, 152477 28,9 
40036, 1617, 10035, 2818, 8634. 120, 5633, 2622, 2232773 23,8330, 92½ 5,38 9,64 ; 
4113706 21,0834, 922,78 32,9324, 420; 1, 69, C, 0130, 382, 5328,99 28,9. 
3797 21,59 34,92 23,34 33,73 2510232, 47 26,6403 1, 1248, 21029, 0c 
4313387 
39,77 


8 22,1036, 7 53, 8934, 54/2 5,6203 3, 247, 280; 1, 8628, 88 30, 41 304 f 

22,62 36, 5824745 35334126421 340112791 32,60 29955131, 111311 

4540,68 23,13 37,4125, 0 36, 14426, 82034, 7802 8,533 ˙ 3430, 2231, 823500, 
1,58 23,65 38, 24.25, 56135,9 5/27-4113 556129, 1$13408/30,89132, 53/32; BR 
2,49 24,1639, 08 26, 1237, 7528, 0136, 3329, 8 1034, 82031, 57 33,2332 1 
* 4.68 39,9126, 67 38, 528,6 037, 1030, 435, 5732,2433, 943% * 
129 1 
| 


25,1940, 7429, 2339, 3629, 203), 8803 1, 68036, 31032,9134, 6506 
| 2357 25370141, 57]27,78140, 16,29+79 38,65131»72137:24 352351353Y 
6,10 21,81 9824, o 26,22 2,40 28, 4 40596 5 5 36706 00 I 
15214790 022,23 5»86/24, 5114440 26, 7343,23 28,8 47,77 3315 36,7736 
58-3726. f 8,3877847 29,48 4257 29713 3+62139,27/3 5+ 591374713740 
5448, 813,947, 622 5,4 5146, 32·7. 78044, 90 30, 043,37 , 1038, 278, 1838,10, ' 
| »72[23» 52148, 51 5,9247, 1828, 2745,72 30, 5644, 18 40, 75 36,9438, 89 38,89 1 

5 

| 


3.9549, 396, 4048,03 28,7940, 5631, 12044, 98 1,4937, 6 139, 639, 0 
24,375,726, 8748, 899, 3047, 3931,67 47.75 2,3038, 28040, 304% 
1 9.75½9,82 48,2232, 2246, 58 2,98 38,9041, %%% 
25,252,030 2.8 150, 6130, 3349, 5 32,7847,30 3.72039,63 47,726 
255 8J82.92½8, 28081, 4630, 8 549, 8933.33 48,1 40, 29 42,4342 

E Lat. | Dep. | Lat. Dep. Lat. || Dep. Lat. Dep. Lat. | Dep. 
E * 4 | 2 0 3 | 1 | 4. 1. 0 
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33789 
34,45 


on ans 
8982 — 


39,3 34559447, 6443, 8443,84 
39,9646, 68042, 31044, 544,55 
3555651,40038 , 047, 4242, 984 5, 2 545, 5] 644 
36, 1152,21 41, 24048, 1604 3, 6545, 964 5,96 


54787 


69102371299 5 Ipo, 5 
70063, 2829.9 61,73 


33» 


11(64,18 30,3 62,62 
7265,08 30, 7 $103, 50 
141052991 31421 64,38 
-4166,89 31,6446 5,2 

1516748 
76168, 70032, 50P070 


34,8 
32, 0766, 143 5, 3564,33 


33, 70, c 
1379406 1,76 
34, 41062, 62 
3547 


35,8206 5, 19 
36,2966, 05 


55•71 

656, 54 

$7»3 
58. 20 


41,878, 9044, 33 


_— 


46,6746, 67 


42, 504, 64 
43,1350, 38 
43,7751, 13 


4444 1]51,87147,01149,5 


44299 4773 
45,67) 48,08 
46, 3448, 79 


47,38 
$ 


48,7 
49,50 


215903 
59,87 


38, 0467,53 
38, 5662, 36 


36,7666, 91 


45,0452, 61 
556753535 
3154,09 


758155257 
48,2156, 31 
48,8457, 05 
49, 4857,79 
50,1158, 54 
507 59,28 


48,35 50,91 
49,0205 1,62 
49,7052, 33 
50,37053,03 
51,04 53.74 
e ee 
52,38 55,15 
53,0655, 8b 
53.7256, 57 


47,68 50, 20050, 20 
50, 9 1 


51,62 
$2433 
5303 
537 

5424 5 
55515 


56,57 


55,860 


51, 3 860, o: 


54,40 


57528, 57,28 81 


2,0260, 7655,07 57,9857, 98 
52,6 5b 1, 5055,74 58,6958, 69 
53,2962, 2456, 4159, 4 59540 
539262, 9857,08 60, 10060, 10 
69,08 54, 5 J 3,72 57,7660, 8 1060, 8 
69,88051,8 3067,25 55,1964, 4658, 4361, 5206 1, 52 
70, 68052, 42068, 025 5,826 5, 2059, 10062, 22062, 22 
49,4577, 4853, O28, 80.56, 466 5, 9459, 7762, 93062, 9 
50, 0072, 29053, 6 169, 5767, 0966, 59 60, 446 3, 546 3,64 


50,56 577 61,1 1 64,3 564,35 
5111 58,3668, 1761,78 6 5, 0565,05 
51,6707 62,4665, 7665,76 
5242217545015 3»1 3166. 4.7|66,47 
52,78 60 63,8006, 1767, 17 
53734 64,4767, 8867, 88 
6053789 65,1468, 5968, 59 
54245 6165, 82069, 3069, 30 
55500 66,4970, ooo 
7256 80 | 67,16%, 5170, 71 TOO 
56,11 oe, 4, 847, 831, 
56,67 963555 — 72,12 
69, 772,8 372, 83 
61,950, 39ſ6 5,9 Boles 73354 


$417 5-03/3 5,49 3, 20039, 1247 1, 1942, 6769, ol 
84175-9313 5,9274, 0839, 5972, 5043, 1869, 84 
8576, 84 36, 344,960, %72,9 11437 

$67 7,74136,7717 5,85 


79» 37142 
526 
81,14 


9 85,88 40, 6308 3,78 
9036,78 47,0 84,67 
9758768 


57522 
57,7818 
53,3448, 
58, 8908 
5954508 
„008 
60, 56 
61,11 


92,29 51567 


62, 5 58 1, 1766, 6 7. 80%, 574, 2 74,25 
63,1858 1,9467, 248, 5471, 
63,742, 7 167, 889, 28 


7459 50¼74,95 
71,805, 66 5,6 
72,5376, 3776,37 
7973520077, 0777,07 
23·8777·728C-T2˙28 
c 80%, 4282, 2574, 5478, 4978. 
6,0575583, 1262,22 71,0882, 9975, 2279, 2079, 20 
9288,93, 9662,78 57531873517 1,68183,73,75,39179,90/79,90 
22868856104, 7963, 34 1,572, 165,127, 32%, 4776, 5650, 61880, 61 
8,6459, 129 5,626 3, 899, 3768, 5188, 902,9 518 5,217,238 1, 3281, 32 
59,6396, 4564, 453, 1769, 10089, 67 5 


0,157,864, 9993, 9769, 7000, 4474.22 86, 69 78, 58082, 7382,73 
06608, 11155, 564, 7870, 91, 214,8 52,4379,2583, 4483,44 

10231161, 18 98,946, 1795, 58070, 399 1,99% 549,88, 179,92 84,1484, 14 
291,699, 78 66,6796, 6071, 482,766, 13 8.918, 5908488485 ä 
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8 © Degree O0 1 Degree. 902 8 
5 5 Min. | 3o Min. | .45 Min. ff o Min. | 15. Min. | 30 Min. | 45 Min. 7 | 
® | Lat. | Dep.] Lat. | Dep. Lat. | Dep. | Lat. Dep. | Lat. Dep. Lat. | Dep. | Lat. Dep. 0 
1 1500 o, oil 1, oo] o, oi 1,00! 0,02 | 1500 1,00, 0,07] 1,00 11 
2 ee 0,02] 2, oo] 0,03 oo | 2,00 2,00} 0,05] 2,00 2 
* 35000 O, 03 3,00 0,04 0 3,00 3,00| O, O8 3,00 3 
4 4,00| 0,03} 4,0 0,05 4,00| 400] O, 10 4,00 4 
5 55000 0,04] 5,00] 0,07 1 5,00 5,00| 0,13] 5,00 ; 
6 6,00| 0,05] 6,00| 0,08 6,00 6,00| 0,16| 6,00 Jt 
7 7,00| O, o 0,09 7,00 7,00| 0,18] 7, oo | 
8 8,000 0,07 ©,10 8,00 8,00| 0,21] 8, oo 8 
9 9,00] O, O O, 12 9500 9500 O, 2 9,00 9 | 
10 ©,04410,00| 0,0 oo o, 13 10,00| o, 22410, ooſ o, 26010, oo 10 
11 , O51 1,00| o, 11,00, ©, 14 1 1,00 
I2 0,05[12,00| o, 1 0, 16 12,00 
I3 0,06\1 3, oo O, 1113, oo 0,17 13,000 
14 o, O64, O0 o, 12014, oo 0,43 14, oo 
15 ©0,07]1 5,00| o, 1 3I1 5, oo o, 20 615,00 
16 o, 071 6,00| o, 1411 0,21 16, 0 
17 o, 7 /, oo o, 1 0522 [17,00 
18 o, 08018, o o, 16018, 0 0,24 18,00 
I9 0,08[19,00| o, 1 0,25 119,00 
20 2,00] Og 0,26 20, oo 
21 1, 000 o, og 1,005-0, 18|2 1, oo 0,28 21,0 o, 4620, 99 o, 5 O, 99 
22 Rz, oc o, iqzz, 00 o, 1 o, 29 22,00 0,48[2 1,99 o, 58 1, 99 
23 23, oo o, 1E 3, oo] o, 2 o, 30 23,00 o, 5022, 99 0,60J22,99 
| 24 [24,00] o, ich, oo] o, 2 124. 0 O, 31 24, 0] o, 52.· 3, 990 o, 6 32 3, 99 
| 25 25,00 o ½ 5,00 o, 22. 5, oo 0,33 24.99. 0, 5 524,99 0, 65 4,99 
26 a6, oo o, 11 ·6, oo] o, 2 0, 34 23.90% o, 57 5799 0, 68. 5, 99 
| 0,2 27,00] 0,35 126,99] o, 5926,99 0, 71 26,99 
0, 2428, oo o, 37 27,990 0,61[27,99] 0, 7322,99 
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o, 3135, 0 0,46 34,99 0, 7634,99 o, 92034, 99 
o, 31036, 00 0,47 135299] 9,7913599] ©9443 5199 
0, 32437. 00 0,48 || 36,99 0, 81036, 99 0, 9736,98 
o, 33038, oo 0,50 37:99 o, 8337,99 0,9903298 
©, 3439, 00 O, 51 8038, 99 o, 8 5038, 99 1,0238, 98 
o, 3 40, oo 0,52 3909 0, 8739,99] 105139,98 
©, 3641,00 0,54 40,99| o, 8940, 99 
o, 372, oo o, 55 41,99 0, 9241,99 
, 38043, oo] 0,56 42,99 , 9442, 99 
o, 38044, oo o, 58 43,99 0,9643, 99 
o, 3004 5, 0. 0,59 44,99 0, 9844,99 
o, 40046, oo 0,60 45,99 1, 004 5,99 
0,4147, 0 o, 61 46,99 1, 0346, 99 
o, 4248, oo 0,63 47,99 1,05147,98 
o, 4349, 000 o, 64 48, 99] 1, 78, 98 
2250,00 . — 0,65 249,99] 10949. 98 
51 51,000 , 2251, 000 o, 4 f 50, 99 0,67 150,99] 1,11 —— 
52 (52, 00 o, 23052, 00 o, 451,99 0,68 51,99 1914151,98 
53 [5300] o, 2305 3, 0 o, 4652,99 0,69 52,99 1, 1652,98 
54 54, , 24054, oo. o, 4253.99 O, 71 53,99 1, 1853,98 
55 55700 o, 2405 C, o, 4854,99 o, 72 6154399] 1, 20054, 98 
56 (56, oc o, 2456, 00 o, 495 5,99 O, 73 8155-99] 1, 225,98 
57 57; o o, 2 557, oo] o, 50056, 99 0,75 56,99 1, 2456,98 
58 58, oc o, 25058, oo o, 5157,99] 0, 76 57:99 1, 275798] 1,257.97 
| 59 [59,00] , 2659, 00 o, 5158, 99 0,77 3 58,99 1, 2958,98 1,5458597 
| bo [60,00] o, 26050, ooſ o, 5259, 99 0,79 59,99 1, 3159.98] 1,5759907 
{ & Der. Lat. | Dep | Lot. Dep.] Lat. | Dep. | Lat. | Dep. | Lat. | Dep. 
| F | 2« Min. 30 Min. 15 Min. || o vin. 45 Min. | 30 Min. | 15 Min. 
| 3 | 89 Degrees 57, 88 Degrees 


n — - — 
* 


TRAVERSE 


TABLE, 65. 


OO —— . ̃ ¶ —uAni.n!!. re ner en Rn nr 


TRAVERSE TABLE, 67. 


1 


R 
Degree = = 
X OO - a in. | 5 
o Degree _. o Min. 15 Min: 30 Min. | 45 
— 1 1 3 — : Lat. 
2A of 15 Min. | 20 2 — 1 Dep. Tat. | Dep Lat. | Dep 8D 1560 
I | Dep Lat. Up. Ak. — Ga 99 1,06 60, 98 1533 3 
If e 
>= Ef, I G 599 5 62,9 I, ? 
2 trains oe ge rg 62,99 1,10 63,98 
5 62,99 9, 12 63,98 1540. 39 
0 1 „ 99) 0.4 | 03:99) 12226 9 15426498 
o 2 ii 8 6499 1,23, 64,9 65,98 
: 5764.99 o, 1,15 65,98 1, 44,65, 
OC J 0,28/65,00 1 o, 86 65.99 I £2 6,66,98 
| 5805,99 65. 1,17 66,98 1,46, 
12] 4 „ 67,98 1,48'67,98 
0,5866. 99 1,19 67,98 1,4 | 
18 „ 67,99 . 6599 — 68,98 156 1.8 3169,97 
Ie £8 ig -60j68,09,. ©, 1.22 60 98 1,5369, — 
4 1 orgelte 8 69.991 0.92 222 22 82825 70, 980 1, 8670,07 
J || LOI 0:93 || 70,99 — — — — 
3 „3171,09 o, 94 | 71,99] 1,267 $| 1,59{72.98 
e gh | Fogg roniegl nement 
4 73. 7 
0432 4 | 0,97 7399 8 74.88 1, 6474,98 
O, 3207 wm 0,65174,99\ 0,98 _ 1,3375980 1, 6675,97 ' 
__ © xa 0,6 75:99] 0599 — — 1534 755,9 1,68 — 2 
9 3 1501 ; | 8 1 70177; ö % 
oo 99 1, 3677,98] 1, ö 
ae e 1,09 75.90 135 78.98 178,5 
7 T_OS . 
928205 1,07 ©1299 = | 
0, 36 25 1,09 2,99 8 8 
o, 36083, oo | 1,10 83,99 1 
e the | He 
O 37 b] N 1 5 3 
0,3886,00 „ 
* 1,16 $7:99 1280 
05 3599 020 1,16 | 33,99 - 
. 118 | 89:99] 258 
= ——— 1522 3 3 
O 491, 2 1.20 91,99 1762 
N at 1422 92,99 Kg 
3,00 0,4E 93:0 1,23 93799 GE, 
4,00 pee 1524 92499 1.68. 
5 [95,00| o, 410 5, og 1,26 | 95,99 6 Te 
gb 00! 0.4"196,c0 i:27 j $599 O08 
i 7,00} 0:42 e. 1528 g 222 . 
98,00 0,420 = 8 1,30 9 go 6 0 " — 
am 9 3 0,87199+99|_1»31 22 1 76 01,5 2, 200, o ue 
. 8801,00 1,32 101, 0 1, 8 102, 0 2,23] 02, c 2, 6 Oo 
101,0 0,44 1010 ©, 102,0 1,34 102, 0 ah 103,0| 2,251103,c| 2,70 Se 
102,0 O,455102,0 103, 0 1,35 103J,0 hy 104,0| 2,27 I04,0| 2.72 e 
e ee ©,911104,0| 1,36 _— 1,8 105.2, 20105 N 
04,0 245 ts png 105,0 1537 _ . to 0 2731 106,0 2,78 '© 80 
[04-0] 9 4peg ,921106,0j 1,39 | 206, 1,87 [107,0] 2,33]10740| 2,80 2 {o 
vn pas ee O 107,0 1,40 e So 8 108, o 2530 108, 2,83! x 
107,0] 0,47}107,0 II 108,0| 1,41 | 108,0| 1, - 109,0 2,381109,0| 2,851109;0] 
108,0 947 3 2 10,0 4 2 Sa I 10,0] 2,40]110,0| 2,88|110,0 
109,0 93 Ag 0,96 — BM 110, 5 71170 2,4201 11, 0 2,91 es 
111,00 0, 48] 11,0 — ag 1,47 112,0 1,9 173,0 2, 471 13,0 — 
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92,35 
93 85 
94,35 
95785 


55713, 
5,18 


5,29' 
5,34 


5539. 
5:44 
5550 
5555 
0106, 8 
$11 07.8 


5,0 
5,6 


5571 
$476 


96,84 
97:54 


98, 84 
99,84 


-$,17,190.S7 
5,22191,83 
552702, 8; 
5.330 3.83 
5,3994, 82 
54409582 
555096, 82 
$,55197»32 
5,6108, 82 
5567099, 81 


555690, 81 
8¹ 6291, 80 

5,6892, 80 
5524 3.80 
5, 80,94,80 
5,86 95,779 
559205, 79 
59897779 
6,04198,79 


100,8 


101,8 


102, 8 
103,8 
04.8 
105,8 


108,8 
109, 8 


5,73[100,8 
5,781101,8 


5 de 
558 
595 
6,01 
6,0; 
6,12 
6,18 
6,2 


'r02,8 


103,8 
104,8 
105, 8 
100, 8 
107,8 
108, & 
109: 


5 Tat. 


45 Min. 


Dep 


Lit. | Dep. 


Lat. 


I 0, 8 
111,8 


1 12,8 


1137.8 


2[1 14,0 


115,8 


-[116,8 


117,8 
118,8 


119,8 
Dep. | Lat, 


100,8 
101,8 
102,8 


6,17 
6,23 
6,29 


6,72} 
6,78j1 10,8 


6, 841111, 8 
6.9001 12,8 
6 


6,35 
6,41 
6,47 
6,53 


103,8 


104, 8 
105,8 
106, 8 


6,59 
6,66 


6,9 


107,8 
108,8 
109,8 


113,8 


7,02 14,8 
7,08 11 5.8 


7-141116,8 
752011177 
77271118, 7 
7:23-119,7 


5540 


5702 
5560 
$370 
5582 
589 


$295 

502 
6.08% 
6,15 
6,2 
6,28 


6.34 


6,41 


. 
6,6 
6,67 


„4 


6, 80 
6,8; 
6,03 
7,00 
7,0t 
7513 


7219 


6,45] 9 
6,11199,79| © 


Dep. 


| 30 Min. Wer Min. | 


45 Min. 


30 Min. 


18 Mn 


| 


87 Degrees 


ti 


19. 


86 —— ; 


— ͤ2 ——ů— —i:Z ——yx —  —_——  - - -- 


I 4.1 


TRAVERSE TABLE, 65. 


4 


Degrees 


5 © 


15 Min. 


| 30 Min. 


45 Mig. 


5 


Degrees 


70000 


15 Min. 


30 Min. | 45 Min, 


* ak us 4 &# ut 


o 7 Lat. 


Dep. 


Lit. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat, Dep. Lat. | Dep. 


22592 


.| 0,07 


o, 42 
, 40 
0,56 


0570 


3 o, 63 
9597 


0,1 
o, 21 
0728 
9,35 


1500 


2,00 
2,99 
3599 
4799 
5,98 
6,98 
75,98 
8,98 


0,07 
o, 15 
0522 
o, 30 
0,37 
0,45 
O,52 
0,59 
0,67 
0,74 


1, oc 
1599 
2,99 
3799 
4799 
5798 
6,98 
7:98 
8,97 
9,97 


0,07 
0, 16 
o, 24 
9731 
0,39 
0,47 
0,55 
0,63 


0,71 8 


0,79 


1,00 
1599 
2,99 
3599 
4,98 
5,98 
6,98 
7597 
5297 
9,97 


0,08 
0,17 
0,25 
o, 33 
0,41 
0,49 
o, 58 
0566 
0,725 
o, 83 


1,00 
1599 
2299 
379 

| 4,98 
5,98 
6,97 


8,96 
9,96 


7»97| 


o, og 
OTE 
0,28 
0,37 
0,46 
0,55 
0, 64 
0573 
0782 
0,92 


_ 
1,99 
2599 
3598 
4,98 
$5297 
6,97 


8,96 
9,95 


7+90]| « 


057 
o, 84 
0, 1 


710,97 
11,97 
:12,97 


0,82 
o, 80 
0,96 


10,97 
11,96 


0,86 


0,94) 


1,02 


10,96 
11,96 


22 21,95, 
4 22, 94 

412 3594; 
({25,24,94. 
2625.94) 1 
2 26,93; 1 


3 


779 
* 28,95 
3929,93 


12 3796 


14,06 
15,96 
1519 16,95 
1,26 17,95 
I,35.15,95 
122 19,95 


o, 9d 
1505 
1,12 


12,96 
13,96 
14,95 
15595 


1,04 
1511 
1519 
1,26 
1,33} 794 
I,4cj19,94 
4809.94 


418 


16,95 


12,96 
13795 
14,95 
15595 
16,94 


1510 


1,26 
1533 
1,41 
1,49 
1,57 


18,92 
19,95 


1,47 22,94 
1,54 21,94 
1,60 22,94 
1,67: 23,93 
1,74 2.4,93 
1,81 25,93 
1,88 26,92 
1,0 5 2792 
2,02 28,92 
25 29,92 


HET 9 
1,6 3121.93 


1570 z2, 93 
1,78123,64 
158 6124.92 

159325592 
2, 0126, 92 


2,0827,91 


2,1 028,91 


2,2212991 


1,650, 93 


1573 zZ 1,93 
1, 8022, 92 
2 7 „8823,92 


1,96ʃ24,91 


250412 5,91 
2,126, 91 
252927, 90 
2,2828, 90 


2535 99222 


31130, 9 
3 31,92 
3332,92 
3 33792 
35 34, ½ 
3635,91 
(37.36, 91 
38 (37291, 


| 


2,16 30,92 
2,23, 31,91 
2,30 32,91 
2,3733791 
2, 44 34,90 


2,51 35,00 
2558 36, 90 
2,05 37,99, 


4241,90 


45 42,90 
4443-59 


57,86 
58,86 4512 5535 4,37.58,82 


3 ³. 


9 349 249 49» 865 

3756 3 
287 3,53 51,86 
7 3570 5 


7 3:84 54585 


2,93 41,59 
3900 42, 88 
3507 43,88 
3514 44438 
3,21 45,87 
3-26, 46,87 
3-35 47787 
344248,37 


2,30130,91 
243713 »90 


2,7 N 


2 „ 85, 


39 (38,97, 2,72, 38,8 9 2,89 38, 88 


474,90 2, 86 40,89 3, 04 4,87 3,22 


3,7741, 37 
3519 42,87 
352643,87 
353444, 86 
341 45,86 
3,4804, 86 
3,5647˙85 
3563148, 83 

3:7 1949.85 


3,06,38, 87 
2239790 2379 39-39 229432288 214 39•86 


3,22 40,86 
3. 3041, 86 
3.3742, 85 


354543758 50 
3,344.85 
3901.45,34| 


3,6946, 84 


3577 47,84 
3-34,48,83 


379249,83 


1794 
1.66 


2,07 


C| 2373}: 


353103 


0,91 
0,99, 11 
1508 
1,16 
1,24 
1333} 
1,41 
15,49 
157 


1574 
1582 
1,90 


1369 


2,24 
2,32 
2,40 
2748 


10,95 
11595 
12,95 
113,94 
14.94 
15,93 
10393 


18,92 
19,91 


7117,92 


1,01 
1,10 
1,19 


10,95 
11595 
12,94 


1,28 13,94 


1,3714, 93 
1,46]15,93 
1, 5616,92 


1,6917,92 


1,74 18,91 
1, 8 3J1 9,91 


1,05 10,95 
1,15111,94 
1525 12,94 
1,3441 393 
1344114493 
153115792 


1,6 316,92 
1,73] 791] 


1,32[18,91 


1,92119,9c| 2,0 


O50 


O7 
Ry 
9,50 


20,91 
21,91 
22,90 
23,90 
24590 
272885 
26,89 
27,88 
28,88 
29789 


CD i xcxxcGooOoolGg a UGaaoearcecwc nl a oþ dh & oc 6 oem oo on 


2 ©0S 


2,57 
2,65 


2,82 
2,90 
2,98 
3,00 
3715 
3523 


48,81 


49,810 


30, 87 
31,57 
32,86 
33,86 
5 34,85 
35785 


3.39136, 83 
4| 3,48 


2, 84030, 86 
2,9303 1,85 
302132485 
31113385 
32013484 
352903584 


37903 
3757138, 82 


356139, 82 


3,2C133,33 


2,97[39, 84 
350713 1,84 
351732, 83 


33613432 
34513 5482 


355136,81 
356403 7,81 


357 38,80 a 


3783 39, 8c 


49.70 


3794 


4539 
474 


40,81 
41,81 
42, 80 
43,80 
44,79 
45579 

6,78 
47,78 
848,78 
458 49,77 


3575 
384 


4703 
4,12 
472 
47530 


4203 


40,79 
41,79 
42,78 
43,78 
44577 
45377 
46,76 
47376 
48,75 
4975 


3793 


4312 
4422 
4731 
4,41 
4451 
4,60 
4770 
227 


FF AS Li as a8 


3377: 52 278 5 


3991, 55,85 
3,98 Nr 
4,05 57» 


4219. 59,84 


56] 395/52, 34 


4, 4,30 57,92 


3578050, 84 
3-855 7,84 


4, 0053,83 
450854, 83 
4,1555783 
4 4,23 5,82 


446 59 82 


D-p 2 Lat. 


Pogg. 8 
4,0875 1,8 

4,1652, 82 
4,2453782 
4. 39540) 


4539, $598 15 


4.47 56 58 


4.55. 52780 


765 58, 80 
42241595 52˙79 


50,81 
51, 8c 
9 52, 8c 
53780 
6154379 
55979 
56,78 
$20 577 78 
, 4+59] 58,78 


4.92 59-77 


$0479 
51,78 
52,78 
5277 
54577 


8 55577 
56,76 


4 | 


5,06 57,76, 
5415! 58,75 


1 22 75 


M4 4.6. 


4,07 50,77 
4,7605176 
4,8 5152276 
45945375 
$593154»75 
551255774 
52255, 4 
5531057773 
34. 58,73 


5,49 8997S 


4,89 
4,99 
5,08 
55185373 
5727154572 
$437 -- di 
554656 571 


$1374 


50,74 
$2473} : 


5,56; 2 
5,56 5$ 4 
2.2 5922 


6,01 


' Vep. | Lat. | Dep. Lat. | Dep. Tat. ö Dep. | Tat. Dep. Lat. | Dep. Tat. 
O _© Min. | | 45 Min. B 2 Min. 15 Min. . 


8 o Min. | 45 Min. 
36 D EN 35 Degrees 11,4 84 Degrees 


1 Tat. = 
— 


95907 


30 Min. 


8 


_—_— 


o Min. 


TRAVERSE TABLE 6 


abated. adi. Qld. 


* | 


07 


15” hog 


30 Min. 1 45 Miu. ö 


A 
62161,55 
64162,85 
64163, 84 
65164484 
6616 5,84 


6867.83 
69068, 83 
7 70,83 


7271,82 
+ 82 


[Lat "A | Dep 


L 
p | Lat. 


Dep. 


4,2650, 83 
4330/61, 83 
4,4062, 83 
4,4766382 
4,54 64,82 
4,0% 65,82 
4,6766, 82 
4,7467581 
4,81 68, 81 
4:38, 697581 


| 


4,5260, 81 


4560 
467 
4374 
4,81 
4,89 
4797 
504 
5511 


819 


62,81 
63 80 
64, 80 
65, 80 
96,79 
67,79 
68,79 


Lat. | 


61,81! 


69,78 


| 5332 


5547 
? 5555 
5763 


Dep | 


5505 
5514 
5.22 


5738 


5571 
5,90 


8288 


4,95 70, 81 
5502 77,80 
5:09 72, 80 
5516%½3, 80 
5274,79 
553075, 79 
2 76,79 
77•79 
78,78 
228 


53 


70,78 
71,78 
72,78 
73777 


5,26 
5534 
5541 
5348 
5,56 
556375777 
$71 76,76 
537817770 
5,8 78,76 
$+23179»75 


74577. 


569 8778 
5572 81,78 
59 82,77 
55 5%83, 277 
6,21 

6,0786, 76 
6,14 87 ˙75 
6,2 1088,76 


65728 89.75 75 


$,35199-75 
6,42 91,575 
9:49, 92,75 
6,56 93,74 
6,63, 94,74 
6,570 5,74 
6,779 96,73 
68497,73 
98,73 
899,73 


8 5,76 6 


6,0080, 75 
6,08 81,75 


6,1 5082,75 6 
6,238 3,74 6 


6,3 

537 
6,45 
6,52 
6, 60}: 
6,67 
6,74 
6,82 
6,89 
6,97 
7504 
7.12 
7719 
7,20 
7734 
7741 


86,73 


90,72 
91,72 
92,71 
93771 
94571 
95771 
96,70 
97570 
98,70 
99,69 


84,74 6,6 
85,74 6 


$7,731 © 
88,736 


Degrees 
= 


0 Min. | 


L ats 


0,77 
51576 
62,76 
63,76 


64,75 


65,75 
66,74 


67,74 


68 
69,73 


5,88, 70,73 


ll 


174 


71,73 
2572 


73772 
1174371 


75771 
76,71 


77570 
78, 70 
329570 


| 2 


| 6,62 


5532 60,74 
540, "61374 
62,4 
63,73 
64,73 
165,72 


5558 
5567 
5575 
5,84 
59367,71 
6,02 68,71 
6, 1069,71 


15 Min. 
Dep. — | 


66,72 


Dep. Lat. 


"$258 160,72 
550766 1,72 
725 
5,866 3,71 
559 564,70 
6,0406 5,70 
6,1366, 69 
6,2267, 69 
6,3168, 68 


6,41 69,68 6 


6,19 
6,28 
6,36 
6,45 
6,54 


70,70 
171,70 
72,69 
73,69 
74,69 
75,08 
76,68 
77,67 
78,67 
79,66 


6,71 
6,80 
6,89 
6,97 


6, 50,70,07 
6,597 1,67 
6,68/72,66 
6,77 7366} 7 
6,86 
6,95 75,65 
7,0576, 65 
751477, 64 
7723078, 64 
7732079763 


74,66 


30 Min. 


Pep. | 


Il 


0 © 


O 
\O 
— 


| dur 


5785 
59440! 


6,52/67,66, 6, 
65 61 68, 655 6 

771 6965 
6,81: 70,84 75717 
6,901, 64 
7,00 72, 63 

75090363 
719174902 
77529175, 6 1 
7,38.76,61 
7,48 77,61 
7557 
7,07 


80,69 
81,69 
82,68 
83,68 
84,68 
35,67 
86,67 
8767 
88,66 
$9,66 


Tal 90, 69 
772249 1,68 
77530492, 68 


7738 
7545 
7753 
7,61 
7,69 
7577 
7,05 


93,68 
94,67 
95,07 
96,67 
97,06 
98,66 


5 
105 104,7 
Ich 05,7 
Ic9}106,7 
1c8$1107,7 


100, 7 
101,7 
102,7 
103,7 
104,7 
10557 
106,7 


100,7 
1017 
102,7 
103,7 
10477 


105,7 
106,7 


7549 
7,56 
7563 
7571 
7578 
7286 
793 


7392 
8,0 


8,081 02,6 8 


8,16 
3,24 
8,32 
3,40 


99,66 
100,6 
101,6 


103,6 
104, 6 
105,6 
106, 6 


77554 90, 65 


77562 915,65 
7570 92 65 
7.78 93,64 
7,87 94,64 
7595 95763 
8,03 96,63 
8,12 97:63 
8,20 98,62 
8,28 99,02 


100, 6 
10156 
102, 6 
103, 6 
10456 
105, 5 


106, 5 


8,63 


7,06]80,66 
7,15181,66 
7,24|82,65 
7,32\133,05 
7,4 118404 
7, 508 5,64. 
7558086, 63 
77567 37,63 
7.76 88,63 
284 39,62 


7,41180,63 
7,508 1,62 
7,60 82,62 
75698 3,61 
7,7808461 
7,87 85,61 
7,9686, 60 
8,05 87,60 
81 88, 59 
87248959 


7576 
7,86 
Ty 
0 
8, 4 
8,24 
8, 34 
8,44 
8,53 
8 563189, 55 


„111 61 


91 


* — 


7,11 
7,31 
7731 
741 
7531 
7,61 
77¹ 
7781 
2591 


8,01 


8,11 
8,21 
8,31 
= 

551 
8,61 
8771 
4 87 

8,91 
9,01 


7939,62 
95⁰² 91,61 
8,112, 61 
8, 519003,61 
8,28 94,60 
8,37 95,60 
8,4596, 59 
8,499, 59 
98,59 
8,7299758 


8,3390, 58 


8,42 1,58 
$,51192,57 
$,609357 


$,69194450 
9295 


8,78 
8,88 
8,97 
9,06 


9,15 


90,55 
97355 
93,55 


99284 


9511 


8,7290, 54 
8, 82 91354 
8,92 92,53 
95019353 

94 52 
975209 5,52 
9,309,51 
9; 39; 977551 
9,4998, 50 
9359199450, 


m_— 
9,21 


9341 
9751 
5 9761 
9,71 
9,81 


9,91 


8,80j100,6 
$,$89]101,6 
8,98 roa, 6 
9,0703, 6 
9515%104, é 
9,24 105,6 
9,33 106, 


9324 
9733 


100, 5 
10155 
9743 102,5 
9952710355 
9,6101045, 
9,70 10525 
9479; 100,5 


10,0604, 5 
10, 160105, 5 
10,26; 


9. o 
9,7811701, 5 
9.87102, 5 
9,9711035 


10701 
10,11 
10,21 
10, 32 
10,42 
10,52 


106, 5 


10, 62 
10,72 


9,31] 


10,35107,5 10, 82 
9,97½08, 5 10, 45,108, 510,92 
10, 7109, 5 10, 54 109, 41 11:02 
8 10, 510,64 110,4 17, 11512 
10,25 111,5 10,741114 11522 
10, 3411125 10,83 112,4 11,32 
10, 431113510 93 113, 

10, 520114, 511, 031114, 4 
10,61/115, 511, 12 115,4 
10,7116, 51, 221116,4 
10,890117,5 11,31 
10, 89118, 5011,41 


9,4110), 609,88 107, 5 
9,5008, 5 
9-59|19995 
9,68 110, ö 
9,7617, 5 
9,8500112, 5 
9,94!1135 
to, o2 1 14,5 

10, 1101155 

10, 22116, 5 

10, 29 117,5 

118, 5 10, 37118,5 

119, 5 10, 46 19, 510, 9819,41, 50 
Dep.] Lat. — Dep. I Lat. | Dep. Lat. 

o Min. 45 Min. | 3o Min 


11,4 84 Degrees 


10757 8,47 
108,7 
109,7 
110,7 
111,7 
112,7 
11357 
114,7 
11547 
11 16,7 
117; 
118,7 


o 
8,08 
8,15 


8,23 


107,7 
108,7 8,55 


109,7 3, 63 
110, 8,71 
8,30j111,7, 
8,37112,7 
450 13,608 
8,52 114,6 
8, 6001 15, 
8,671 16,6 
8,711.6 
8,82 118,6 
119.7 8,8001 19,6 9,4201195 
Dep. | Lat. | Dep. Lat. Dep. 

45 Min. | 3o Min. | 15 Min. 


85 Degrees 


107,6 
108,6 
r09,6 


110,6 
11156 
11251 

595113, 6 
950201 14,6 
91917 856 
9,18 116,5 
9,26 117,5 
9,341 18, 5 


107,5 
108, 5 
199.5 
110,5 
11155 
112,5 
doh: 
114,5 
115,5 
116,5 
117,5 


ogſro8, 7 
11o[109,7 


1111110, 
14211127 
113112, 
114011377 
15114,7 
11001155 77 
147637 5 
118117,7 
129.118,7 
2 111947 


112 
113 


0 


9 
8 


— 


TRAVERSE TABLE, 67: 


6 Degrees 


DI 


7 


: Degrees = 


aour nd! 


15 Min. J 30 Min. [45 Min. 


8 Min. © 


7 15 Min. | 30 Nia. n. | 4 — Min 


51 


Lat. | Dep. © Lat. 


Dep. | Lats 


Dep. 


Lat. | Dep. | 


Lat. | Dep | Lat. 


—— — — . — 


1599 
2,98 
| 3-98 
4 ˙97 
. 596 
' 6,96 
2795 
8,95 
9794 


15,00 


0244 
0, 6 


0,98 8 


0711 
0522 
0,3 


0,99 
1.99 
2,98 
3597 
22 
7 
896 
795 
94 
9.94 


0, 54 


0,7 
0,87 


1,09 


0,13] o, 99 


0,23] 1.99 
053 2,98 
©4451 3:97 
0,57! 4297 


0, 68] 5,96 


0,79] 6,95 
0,91 7»95 
1,02] 8,94 
114] 9993 


9.94 


0,12 
0,24; 
0,35 
O, 47 
0,59 
0,71 
0,82; 


0,99 
1,9 
2,9 
3797 
4+97 
$9 
6,9 
79 
1,00 8,93 
118 9,93 


0512 
0,24 
0,37 


0.49 
0,61 


1,98 
2598 
3797 
4,96 
0,73] 5295 
05,85 6,94 
0,98} 7>94 
1,10} 8.93 
1,22 9,92 


0,99] 0,13] 0,99 


o, 2 
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4,96 
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16,90 
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1,63 
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12,92 
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17,88 
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16,89 
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2,26 


39-78] 418 


8 429i 
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4.81 
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20.88 


3127,83 
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21,87 
227586 
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24,85 
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2,72124,34 
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2.35 
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12,9 
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16,87 
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18,86 
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1785 
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1588 
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2459 
2,70 
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1587 


20, 83 
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2,65 
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21,82 
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28,77 
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2574 
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19,52! 
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2 4.0803 77 
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31,81 


35779 
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39:70 


20,77 
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1257 

43.74 
44.73 
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46.72 
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77459. 69 5,95, 
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6 59,67 
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43,71 
49.70 
— — 
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3.48031,79 


3.703378 
3-$1134»78 
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37774 
38,73 
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4:53 
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3,88"32 70 
4,00 33,75 
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4547 
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39-70] 4 


3 2 
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550,67 
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5,0958, 64 


22,79 ü 
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41,06 
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5,5543765 
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6,57 6,344) 
6,27147) 56' 


6,1 


6,4 48, 55 
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45 Min. | 


| 20 2 Min. 
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6 Degrees 511 7 Degrees | SH 
15 Min. | 30 Min. 45 Min. o Min. | 15 Min. | 3o Min. | 45 Min. 
Lat. Lar. | Dep. Lat. | Dep. | Lat, | Dep. || Lat. Dep. Dep. | Lat. | "i Dep. | Lat. | Dep. | Lat. | Dep. 


50,04 6,64% 60,10 6,9 1060, 5% 717185585 7443" 50,51 7,7060, 48 7,90 60, 44 8,23 G 
61,93} 6,78;51,60| 7,02j61,57 7,29\61 38 7886780 7,8246 1,47 8,09 61,43 8,36 6 
6062,66 6, 59 52,63 6, 5 "pn 71168 7,4162, 53 7.880537 79 5102446 222 02:42 15 6 
646365 6,69 6 3,62 99 3-59 77 52·50 7752 625 52 7. 648 _ 6245 3˙58 3,4 g 64 
65064, 0% 6,50 2 740 55553 7.3955 77,4 6 7.540 959 $,20,04,44 73 2 | 65 

e 22 + — 42 * 4-1 WH 66550 8.768,40 248845 75 68,7% 953 9,04 1 55 
667.63 is 67,60 7:40 67,56 77057,53| 4.99 6749, 8,29 6,46 8,58'67,42 8,88 67,38) 9,17 68 
69168, 62| 7,2 168, 59 7,51 68,56 7,8 iſb8, 52 $,11/68,49 3455 68,45 8,7168, 4 1683 9,31 69 
7069/6 77252-88022 69,55 7,92169, 52] 8723 69.4 3,53 69544 8 8,83 8924 914 69,36| 9,44 E 


— 


Isi 7,42 7542 70,58 75730954) 175265 $,35170-47, B65, 70:43) 8,95 70,39| 9,27 70,35, 9,58 72 
720,61 7,530.57 784% 1,34 8 157150 8,4671, 46 8,77 7,42 9,09 71,38 9,40 71,34 9,71 zl 
7302,60 7,63172457] 75 9572,53 $,26172,49 8,5872, 46 8,90 72,42 9,2172, 37 9353 72,33 9,84 73 


— Ss —— — — ,. 


| O Min. | 
— — 
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61 60,57 6,38 
62 61,00 6,48, 


Scree 


| 
65 


| 14173459] 7,74% 3,86 8.873,49 8, 7073,45 9,0207341 9„3473937 9560 73,32 9,98 74 
77.95 7584/7456 $.451:4+43| $.8:174-44] 9, 474,40 94% 7,36 9379 74,32 10, 110 25 
7675,58 7,9475555 51 8, 60 5,47 8.9317 5+44 9»59]7 $235] 9992.7 5+31[10,25) 75 
77 7b, 580 8,576, 54 8,7276, 47 9,05% b, 43 9, 276,341,576, 3010, 38 


Lon 10, 5 


8,8374, 9417177542 
9 8.048,45 9,2978, 41 


1817757] 8,15½77,54 
7978,57 8,26 78,53 


9,978, 3210, 3 178, 28 


$0:79-561 8,3728325 vj 9.06179,45| 9.400794 79, 39110-09179, 32 1244 79427110,79 
81880, 56 8,47 80,52 9517580, 44 9752/80, 39 10, 22 9,31) 19,57; 0,2 10,92] $1 
828 1,550 8,57}$2,51 9,2808 1,43 9,6481, 38 10,388 1, 3 10, 0 81,25 11,0 82 
: $2 2,55 8, 68 82,51 974 82,43 9576082 2,38 10, 4882 2 10,8382, 2 11519 83 
3 $4133, 54 8,78 83, 50 9751083, 42 9,8783, 37 10, 60ʃ8 3,2 10, 9683,23 11,33 84 
185553 8,8884, 50 9,6284, 41 9,9984, 3710, 36 10,7 3124.2 11,10 $4,22/11,4 8 
0 33 8,998 5,49] 9-738 5:49]10,11|85,36110,48/85,31|10,85]85,2611,23'85,22/ 11,60) 88 


6,52! 9,00) 36,48 
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25 
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551 9,3088, 47 10,07], 3810, 4688, 34.10, 85 88,291 1, 235888, 241 1,2088, 1912, oc 89 
0 Boren 974139, 47 10, 1989, 38 10,58189, 33/19,97 139,28 11,3689,23 11,725 89,1812, 1. 90 
91090, 50 9,510, 40 9,9 190-41 10, 300, 37 10,7000, 32 11, 09 90, 271 1400, 221 1,880, 1712, 2 
9201,50 9,629 1,45 10,201, 41 10,435 10, 811,31 11,2101, 26011, 691,212,191, 1612,41 
9352,49 9,7292, 4510, 132, 46 a > 92, 360,939, 31011, 332.261, 42, 2012,14 _ 1245 
9403,49 9,83{19 3,44 10, 230 3, 4010, 643,35 17,053, 301,46 93,2511, 869 3, 2012, 279 274125 8 
9599779 9931194244 10234. 94539110,7 51944 34/1 1,17; 943291 1,58 94,241 1,9 45792,40% 94513 
9095, 47 10, 409 5,43 10,459 5738 11,2809 5,29 11,7095, 2312, 1295,18 12,53 355,212 
976,470, 14%, 42/10, 55½ 6, 38 11,4096, 28011, 820, 2212, 246, 1712, 0096, 1113, o 
940,24, 42 10, 62.37 11,52, 27011, 94,222, 37%, 1612,79, F1113,2 
9908, 400 0,3598, 41 10,7808, 3 rt, 64098, 2612, 0798, 2112, 4998, 150/12,9298, 1013, 35 
0099, 4511045) 99,41110,39j99, 36 [1,75199,26|12, 19]99420| {1 3-05199-09/13»49|1coff / 
oilico,g 10, 76%, 00, 41 1,00] 09,4 I1,87{10C,2j12,31100,2|12,7 5] 00, 1 13, 180100, 113, 62101 
52101, 40, 6610 , 4 111 101,3 11599101, 12, 430101, 2, 87/101, 113,310, 12 102 
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6,30 i 707 106, 11,18 106, 411, 68/106, 3 12,8 106, 213,54 100, 13, 50106, 113, 97/106, 014, 43 107 
6,474 10807, 4 1229 10764 11,76\107,3 12, 59 107, 13, 1600107, 1 13,6307 14,1007, 014, 56108 
6,61þ9 [291108,4 11,39 (108, 311,87 108, 3 12, 81/108, 2 1328 108,1 73,76 108, 1 14,2 3108, 014,7 109 
6,7% 101109,4 11550 109, 311, 980109, 3 12,93 109,134 109911 3 88109, 430,109,014. 8 30110 
| 6,60 119104 11,60 110,3 12,03} riO,JI2,57]1 10,2 13,05 110,2|i 3353;110,1114,01 110,c/ 1449, I _y 111 
| 


13112,4\11,81/ [T12,3}12,30{112,3j12,79Þ1 12,211 2,28!112,2 337 112,1 14,2612, 14575112, 015,2 
73295 114113,4 1,92 113, 3][12,4 15113, 312, 901 13,2 13,40! 1173,1}13,8 9, 113,1 14,391 1340 14488113, 155371114 
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1,98 
2597 
3,99 
4795 


+] 594 


6,93 
17792 
8,91 
|| 990 


0,99, 


O, 14 


o, 29 


9543 
9557 
0,72 
0586 
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1545 
1529 


10, 89 
1 188 
12,87 
13,86 
14,35 


| 15784 


16,83 
17,81 
18, 80 
19,79 


20,78 


21,77 


22,76 
23»75 


8024,74 


2573 
26,72 
27,71 
28,70 
29,09 


1,44 
1,58 
I,72 
1,87 


0599 
1,98 
2597 
3,96 
4595 
2 
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7791 
8,90 1 
9-89 
10,88 
11,87 
I 2,86] 1 


224 92 
o, 30] 1,98 
0,4 
9,59 3595 
0,74] 4594 


1,04} 6,92 
I,18, 7,91 
1,34] $,90 
2748 9,88 


2597 


0,88] 5,93 


O, 15 
o, 30 
0,46 
0,61 
0,76 
0,91 


1,0% 6 
1522 


1,37 


152 


1763 10,87 
1,7711, 86 

1,92 127850 1 
2507 13584 
2522167583 
2,371 5,81 
2,51]16,80 
266/11 7,79 
2,8x113,72 
27296019577 


30¹ 


, 3510 z0, 70 
| 3.251,74 


35489 22,73 
0 5523,72 
3,8 AN, 
425,70 
. 
41442767 
4,29!28,66 


| 4:4:3]29»65 


1.67 


1,83 

1,98 
251 3 
2,28 
2343 
2,59 

2474 
2,89 


3519002 
373502 


3550 
3565 
3780 
3:95 
47511 


4526 


4541 
255 


0,99 
1597 
2,96 
3795 
494 
5792 
6,91 
7590 

8,88 
9787 


0,516 
o, 32 
„548 
5.6 
0,80 
0,96 
1,13 
1529. 
1,45 
1,61 


0599 
1,97 
2,96 


$992 
6,90 
7»89 
8,38 
9,86 


39 by 
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O, 17 
733 
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0,60 
0,83 
0599 
1,16 
1532 
1,49 
1,65 


1,72 10,86 
| 111,84 
| 12,83 
13782 
14781 
15,79 
16,78 
117377 
18,75 


19,74 


20,75 
21,71 
650 


2406 768 
2 5566 


4322 | 26,65 


27764 
28,62 
29561 
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1,9311, 84 
2,0912, 82 
2,2 513,81 
254 1J14,79 
2,5715778 
2,73410,77 
2,89}17,75 
3-05118,74 


0 7 5 
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3,38 20,71 
3754421770 
3.792,69 
3586023,67 


402 24,66 | 


4, 34j20,03 
450027, 61 
4,668, 60 
4,321292 59 


19.73} 


1,82 
1,98 
2515 
2,31 
2,48 
- 2,64 
2,81 
2597 
3514 
3530 
* 
3903 
380 
3,96 
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4,46 
402 
4279 
496 


41 3124-04 


1577 
16,75 
17774 
18,73 
19275 
70570 
21,68 
22,67 
23765 


2562 
26,61 
27,60 
28,58 
29357 


31,67 


3464 
35563 
36,62 
37:61 
38,60 
39» 59 


32,66 
113395 


| 4, 58130,04 
44,7331, 63 
| 488 


2,62 
5503833261 
55171034,59 
5323558 
5754736, 57 
5,6237, 56 
5776038, 55 
559139, 53 


4372 
4,87 
50 

5517 
5733 
5748 


556336 
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$993 
6,09 


30, 60 
31,58 
22357 
337,56 
34755 
35754 
30,53 


51137»51] 6 


38,49 
39,48 


4598 
551431, 5% 
5•31 
99825255 
563 
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5 52 
53 
54 


59550} 7 


31,49 
52,48 
$3347 
5474 
55,46 
59,45 
5744 
58,43 
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7} 7,06! 
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8,07 
8,21 
8.35 


Dep. 
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40,58 
41557 
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45,52 6 
46,51 


8047,50 
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50,47 
is 1 45 


852,45 
5 4/2 3144 


5 8840,55 
6,034 1, 54 


6,17 
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6,89 
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4451 


2547 
8,46 
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18 Degrees 


232 


19 Degrees 


2 Lat. 


15 Min. | 30 Min. | 45 Min. 


o Min. 


15 Min. | 30 Min. 


Dep. | Lat. 


Dep. Lat. 


©, 62] 


6,65 


0,95 
1,90 
2,85 
3,80 
4575 
$370 


7,60 


8,55 


9250 


o, 31] 0,95 
0,63 
0,9 

I,25 
I,57 
1,88 


1,90 
2,84; 
3579 
4574 
5569 
6, 

7759 
8,53 
9,48 


0,324 0,95 
0, 63] 1,89 
0,95] 2, 84 
1,27] 3779 
1,59 4573 
1,900 5, 68 
2,22] 6, 63 
25 . 
27880 852 
3171 9,47 


05,32 
0,64 
o, 

1,29 
1,61 
1593 
2525 
2,57 
2,89 
3,21 


10,45 
11,40 


13,30 
14724 
15519 
16,14 
172509 
18,04 


811:8,99|, 6 


I2,35 


3549110, 42 


$371 17,04; 
6,0317, 99 
6,35 18,94 


3584 
3,86 
4,18 
4 50 
482 
$114 
5,46 
5,79 

511 


6,43 


| Dep. || Lat. | Dep. 


Q,95 


1,89 0,65 


2,8 
3778 
4573 
5,67 
6,62 
2•56 
8,51 


9,46 


10, 40 
11,35 
12,29 
13724 
14,18 
1551 

oo. 
17,02 


17597 
18,91 


Lat. 


Dep.] Lat. | Dep. 


0,333 
0,98 


130 
1,63 
15,9 
2,2 
2,60 
2,93 
"= 
358 
3791 
4723 
456 
4,88 
$,21 
5553 
5,86, 
6,19 
6,51 


0,94 
I 89 


2,83 
3,78 
4772 
5566 
6,61 
7735 

530 
| 9544 
10, 38 
11,33 
12527 
13,22 
14,16 


15,110 


16,05 
16,99 
17594 


18,88 6. 


0,94 
1,88 
2,83 
3»77 


4771 


6, 60 


7554 
8,48 


4,2912, 2 5 
4762013, 20 


[2] 
[FS] 
_- 
A 
2 


24569 


120,59 
4275 54 
28,49 


19,94 
20, 89 
21,84 
22579 
:4;69 


25,6 


6,39 
772 
7752 
7783 
8,1 
8,4 
8,77 6,55 
908127, 50 
953928, 45 


6,75 
7507 
7739 
7771 
8,04 
8,36 
8,08 
9,00 
9,32 
9,04 


95 58 


9,39, 
10520 
10,51 
gol 
11543 
36,1411,74 
3750912, 95 
38, 0412,36 
12,67 
12,98 
13.29 
13,60 
13791 
337 $11 4421 
47414952 


45,65 14,83 
46,6001 5,14 


29544 
30,39 
317534 
32,30 
33725 
3420 
35515 
36, 10 
377505 
37»99 
33,94 
39,89 
584 
41,79 
42574 


9771 29740 
10,021[30,35 
10,33 31529 
10,6032, 24 
1059933,19 
1152724714 
11 5983509 
11,9030, o4 
12,2 136,98 
12553}37»93 


9,84129,35 
10, 1 5030, 30 
10, 47531, 2 5 
10,7932, 19 
11511 33514 
11, 42034, og 
11,7413 504 
12,0603 5,98 
12,3736, 93 
12, 69037, 88 


9,96 
10,29 


10, 61 
10,93 
11,2 5 
11,57 
11,89 
12,21 


12,54 
12,86 


19,86 
20, 80 
21,75 
22,69 
23764 
24,58 
25753 
26,47 
27342 
2837 
29,31 
30,26 
31,20 
32515 
3309 
3404 
34,98 
35293 
36,88 
32282 


6,84 
7,16 
7549 
77581 
8,14 
8,46 
8,79 
9512 
974 
9577 


19,83 
20,77 
2171 
22,66 


23560 8 


2455 


25,49] 8 


26,43 
27538 
28,32 


10, og 
10,42 
10,74 
11,07 
11539 
11,72 
12,05 
12537 
12,70 
13,02 


12, 84038, 88 
13,15139,33 
1354640, 78 
13,7804 1,73 
1409}42,67 


43,69 
447,63 


15,45 


45,5801 5,034 5, 52 
46, 53015, 3446,47 
47,4801 5,6 


14, 404 3,62 
145724457 


742 


13,0138, 81 
1373303977 
13,6440, 72 
13,9641, 66 
14,2 842,61 
14,6043, 56 
14,91144,51 
322345145 
15255, 46,40 
1 5986,47+35 


I 3718 
13550 
13,82 
14,14 
14547 
14579] 
15743 


15,75 
16,07 


437.49 


38,77 
39771 
40, 66 
41,60 


42,55 


44.44 
* 


13734 
13,67 
14,00 
1432 
14765 
14,98 


I5,30 


45539 
46,33 
4728 


15763 
15595 


29,27 
30,21 
31515 


32, 100 


3304 
33799 


34593 
35788 


137»70 
38,71 
39765 
40,60 
41554 
42,48 
4343 
4437 
25732 
46,26 


51 3,50 1 57% 
5249,45 


16,07 
50,41;16,33! 
51,3616, 69 
52,3 177500 
53,26117,30 
54,2117,61 
55916/17,92 


57,0618, 54005 


48,43 
49,38 
50,33 
51,28 
$232J 
53,18 


15,978, 36 
16, 2849,31 
16,6 
16,91 
17,2 
1755 


54505 
5500 
$5295 


Dep. | Lat. 


16,1848, 29 
16, 5049,24 


18,0 5398 


15,4054, 92 


13,72.55,87 


56,90 19, 04 56,82 
Dep.] Lat. | Dep. | Lat. 


16,39 
16,71 
17,04 
17,36 
17,68 
13,00 
18,32 
13,64 
13,96 
09.29 


48,22 
49,17 
50,11 
51,06 
5700 
52595 
53,89 


54,8418, 88 


$5279 


50,73 


47421 


50,98 
51,92 
52,87 
53581 
5476 


36,821 


| 48,15 
49,09 


120% 


16,2200 
16, 504g 

16,000 
17,21 
17,3648, 94 17,5757 
817,953 
50,82 18,25 
51,7618 59155 
52,7118, 56 


I 7, 1444902 
17, 4749,96 
17, 8050, 90 
18, 13051, 8418, 36 
18,4 52,79 
18,79}53+73 


10,54 4b} 
3 15,88 1 


1903[5 3-05 19,206 
19,1254, 67 


$5270 


56,64! 
Dep. | Lat. 


19, 361544 59/19, 6063 
19,45!55,02 


19,0915 5553 19,94 
19,75150,56;20,03]56,47 20,27 be 
Dep. | Lat. | Dep. | Lat J 


o Min, 


45 Min. | 30 Min. | 15 Min, | 
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_ - 18 Degrees 


32 


19 Degrees 


105 


p ²— 


4 | 


Lat. 


$1 77,04 
827709 
8378,94 
8479,89 
$5130,84 
$68 1,79 
9752,74 
$818 3,09 
99 54,64 
905,89 


— 
Dep. 


18,835, 


— 


19416 
19747 
19778 
20,09 
20, 39 


175 Min. | 3o Min. 


45 Min. i o Min. | 15 Min.. | 3o Min. | 45 Min. 8 


Lat. 


Pep. lat 


$7594 
5B, 9 
59784 
60,79 
61,74 
62,09 
63,64 
647,59 


65,54 
66,48 


19,0157, 8 5 
8 2255 


19773159774 
20, 04060, 59 
20,366 1,64 
20,6762, 59 
20,9853. 54 
27,2964, 49 
21,6106 5,43 


68, 38 


67,43 


69,33 
70, 28 


23718 
23748 


25796 
26,27 
26,58 
26,88 
27319 
27550 
27,81 


71,23 
22,18 


2377973713 
2410 74508 
24,4% 5, 324, 744,92 
24.72% 559802 5,05 


21,9266, 38 


19,6758, 71 
19,99 
2053 1 


20,62j01,55 


22,23107,33 
22355 68,28 
22,86169,27 
23z17 
23,801[72,07 
24,1117 3,02 
2414317 3+97 


75,87 


70, 18 
2354971, 12 


24, 111,97 
24,437 2,91 
2477 7386 
25,774.85 
2573807875 


19,3 57:7 60961057768 


59,6620, 25089, 57 
60,60 ·0, 5760, 51 


19,9358, 62 


20, 8961,46 


:1,54103,35 
21,86164,29 


22, 50066, 19 
22,8267, 13 
2371468, 07 
23,4769, 0 
23,79ſ69,97 
24,11170,97 
24, 4371, 86 
24,752, do 
25,0773,75 


21,2162, 40 


22,1806 5,24 


5739 
25,71 


25,0376, 92 25,37 
2 5434|[7 748712 5,68 
2556578, 822 5,99 


79377 
$0,72 


76,81 
77,76 
5 _ 
2 3179 

26,62 0,61 


81,6726, 9 38 1,56 
82, 6227, 24082, 50 
83,577,568 3.45 
84,527,884, 40 


85,47 


28,1808 5,35 


25,706, 70 
26,0277,65 
26,3478, 59 
26,65 79754 
26,9780, 49 
27,291 1,44 
27,6082, 38 


27292 
28,24 
28, 56 


83,33 
84,28 


35,22 


9086,55 
9207,56 
938,45 
9459,40 
9590,35 
96 91530 
9792,25 
983, 20 
9904,75 
oO 95711 
01196,06 
102]97,01 
10319796 
104198,91 
105199,86 
106]100, 8 
2071101,8 
1080102, 
109103, 7 
1191104, 


28,1 

28,43 
28,74 
29,05 
29,36 
29,67 
29,97 
30,2 


8 
30, 59 


86,42 
37,37 
88,32 
89,27 
90, 22 
91,17 
92,12 
93507 


4, o2 


30,90 


gr, 


31,52 
301,03 


94,97 


23,50 6,30 
28,81 87325, 
291288, 19 
29,4489, 14 
29375 90,09 
30, 0009 1, og 
30, 38 1599 
30, 6902,93 
31,0009 3,88 
31,3204, 83 


28,87 
29719 
29 1 
hap © 
30,1 
30, 46 
30, 78 
31509 
3 154 
31577 


86,17 
87,12 
88,06 
89,0 


90,91 
g1,% 
92,80 
93:75 
94.69 


26,04 
26,36 
26,68 
27,00 
27,32 
27,64 
2797 
28,29 
28,61 


2925 
29,57 
29,89 
30,22 
30,54 
30, 86 


31550 
31,82 
32214 


31,18 


74,69 
7.5104 
76, 59 
77553 
78,48 
79442 
80,37 
81531 


83,21 
84,15 


28,93 85,10 


86,04 
86,99 
87,93 
88,88 
89582 
90,77 
91,71 
92,66 
93,61 
94255 


82,2602 


Dep. | Lai. | Dep. || Lat.] Dep. Lat. | Dep. | Lat. Dep. | Lat. 


Dep. | © 


63,25 
22, 1464, 20 


22,4606 5-14] 
22,7966, 07 


21,1 


22, 


19,86 5775920, 11 $7250[2093 
20, 18058, 53.20, 
8 20, 759,39 
0,33] 
21,4310 1,27 
21,76,62,21 
12,0963, 1 


58,44 


21,7 


241 
10, 70058, 350, 9 
21,0359, 29ʃ· 1, 2 
21,3660, 24 
1,18 21,9 6 
22,0302, 122, 3 
22, 3763, 0622, 6 
64, 10022, 7064, ooz2, g 
22,7 f 5,040 3, 3664,94 
23,0806 5, 9823, 3765, 88 


20, 61 


21,6 


3732 
23,65 


2351106), 03 
23, 4467,97 
23,7668, 92 
24,0969, 86 
24,4270, 81 
24474171575 
25,0772, 69 


25,3973,64 


25,72 74155 
26,0417 5,53 


23, 41006, 93.2 3,7 066,82 
237574067, 8724, o 
24,0768, 8 24,3768, 71 
24,7069, 65 


2 50470, 59 


2533717 1353/2 


2 537017 2,47 


26,05174447120,37174+35 


26,2 5741 26,7 


5729 


7576 


4533 
24,57 


27,03 


26,37 
6,70 
27,02 
2735 
27,07 
28,00 
8,32 
28,65 
28,98 


78,36 
79930 
80, 25 
81,19 


82:08 


84.02 


2733 


2756979, 1802 
O, 12 


28,02 
28,35 


82,1428, 6 


29,01 


2973 


29,30 


76, 4726, 7076, 3 927, 476, 23 
77,4102, 37, 327,377,180 


8,2427, 7 18, 12 


1,07 
2,01 


2395 


35890 
84,979, 6784, 84 


27737 


— 


29,6318 5,91 
29,95 
30,28 


30,60 


87, 80 
88,74 


36,86 


30,93 
31 wy 
3155 


31,9 
32523 
32,56 


92,52 


94,41 


93,4603 


30,3808 5,05 
30,7 85.52 
31,04187,53 
31,35]88,47 
31,7 1089, 41 


32,090, 35 


32,3891,29 
3257 1092,24 
3305193718 
33•3 894,12 


30,75 


3143 
31,76 


33712 
33245 
33»7 


9 5992 
96,87 
97,82 


32345 


33» 37 
33568 


98,78 
99,73 


32,70 10057 
33506101, 6 


[02,6 
10375 


3399104, 5 


111105, 6 
1124106, 
113107, 5 
1141108,4 
115j109,4 
116 110, 3 
1171111,3 


118112, 236, 461 12,1 


36,77% 13,0 
7510/1 14, o 


119 113,2 
120014, 1 


36,16 


345300105, 4 
34,61 106,4 
359210723 
357230108, 3 
35554109, 2 
3585110, 


111,1 


S - | Lat. Dep. 


31,63 f, 78 
57594573 
3232 597568 
327557 98,62 
32,8899, 57 
33191109, 5 
33551ʃ101,5 
33.830102, 4 
34513ʃt03, 4 
2452 
34,76 10573 
3507/06, 2 
35739107, 2 
35570108, 
36,01 109,1 
36,3301 10,0 
36,641 11,0 
36,95|1111,5 
37»271112,9 


32,05 
32330 
32,68 
3350 
53732 
33,65 
33795 
34727 
34559 
34,90 
— 
35522 
35584 
1578 5 
36,17 
36,49 


96,55 
97453 
93,49 
99,43 
100,4 
101,3 
102,3 
03,2 
104,2 


36,81 
3712 


37»58[113,8 
Lat. | Dep. 


95,04 


32,79 
3311 
33743 
333275 
3407 
34»39 
34,72 
3504 
35-36 
35568 


36,32 


3 
38,57 


36,00 


36,04 
36,97 
37529 
, 8037,67 
27.40 15713793 111,6 


37776 1250 525 


; | Lat. 


32,4695, 50 


96, 44 
97739 
98,3 

99,2 

100, 2 
10152 
10251 
1031 
104, o 


834,29 
334,62 


3379 


34.95 
35428 
35,01 
35294 
30,27 


33» 395122133»71[95,06 
33.6396, 1534,56, oc 
97,934,386, 94 


34130701 
34549 ro2 
34781 103 


98,030.34, 7297, 883 3,1404 
98,98 3 5,0998, 82 


9,9203 5,3899, 76 


100, 9355721007 


101, 8 
102,7 
103,7 


36,05{101,7 
36,3 102, 6 
36, 72103, 6 


3514®rog 
3558205 
36, 160107 
36,49] 108 
36,83 109 
37517110 


105,0 
105,9 
106,8 
107,8 
108,7 


1097 
110, 6 


112,5 
11375 
Dep. 


36, 6c 


104, 6 


36,93 


37,58 
37791 
38,2 


377,260106, 5 


38,57 
38, 900111, 
39723 
33975611131 


10 5,6 


107,5 
108,4 


10g, 3 
110,3 


112,2 


37,0104; 
37,3910 5, 5 
37»72]100,4 
38,051107,3 
38,391108, 3 
38,72[109,2 
39,06,110,2 
39939, 11131 


Dep. | Lat.. 


Dep. 


45 Min. | 30 Min. | 15 Min. 


o Min. 


45 Min. 


39,72 112,0/40,21 
40,06 113,0140, 5<[1: 
Lat. | Dep. 
30 Min. | 15 Min. 


37581111 
3˙85 112 
38,1 113 
38.520114 
33,86 
3992C 
393 54 
39,87 


Lat. 


1 Degrees 


— 


2,9! 


70 Degrees 


— 


2 
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20 Degrees 


536 


21 Degrees 


15 Min. 


30 Min. 


45 Min. 


fo) Min. 


15 Min. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


n 
2 
3 
3 


735 
o, 69 
150 
1,38 
1,73 
2,08 
2,42 
2577 
3312 
346 


0,94 
1,87 
2,81 
3575 
4,68 
5,02 
6,56 
2549 


237 


8,43 


0,35 
0,70 
1,05 
1,40 
1,75 
2,10 
2345 
2,8 

3515 
325 


0,94 
1,87 
2,81 
3574 
468 
5,61 


8,42 
9735 


6,55 : 
7:48 


0535 
O, 71 


0593 
1,87 


1,0 
1,42 
1577 


2,80 
3-73 
407 
5570 
6,54 
7347 
8,40 
9 34 


Dep. 
o, 360 | 


0, 72 

1,08 
1,43, 
1379 
2,15 
2,51 
2,87 


723 
3558 


E 
11 
3773 
4,66 
5559 
6,52 
7746 
8,39 
9,32 


Lat, | Lats | Dep. 


0,37 


0,73 


I,10! 2,79 
1547 3,72 
1,33 4,64 


Zoe 


2,57 6, 50 
2,93 2043 


35 5 30 
356 9,20 


— 
1,86 


5557 


3781 
415 
4,50 
4,85 
5519 
5584 
5788 
6. 


10, 30 
11,24 
12,18 
13,11 
14,05 


15792 


17, 80 
9218,73 


| 8,55! 


| 9:23, 
255 


10,60 


8,89 


9,92 
10, 26 


747 
7401 
796 
8.31 
8,6 5 
9,00 
9,35 
9,69 


1110,04. 


10,38 


19,67 
20,61 
21,54 
22,48 
23742 
2435 
25329 
26,23 
27,16 
$,10 


"4+99] 
16,860 6 


3:85 
4.20 
4755 
4790 
5525 
5,60 
5795 
530 
6,65 


7,00 


7735 
7771 
8,06 
8,41 
8,76 
9,17 
9,46 


9781 
10, 16 


10, 5 


11,22 
12,16 
£3209 
14,03 
14,96 


16,83 
17377 
18,70, 
19,64 
20,57 
21351 


237,38 
24,31 
25525 
26,18 
27,12 


10,29 


15,590 


22,45 8 


28,0510 


4,66 


13 . 5502 
FREE 
14594 5573 


10,39 


3794 
4,30 


6,09 
6,45 
6,81 
2217 
77553 
7,88 


10,25 
11518 
12,12 


13505 
14791 
15,84 
16,78 


1854 


13,980 


177571 : 


403[10,22 
4540/11, 5; 
477112307 
551 3 I 3,0C} 
555013593 
5586014, 86 


6,23 


6,6016 


6,96 
7733 


15579 
16,72 
17565 
18,5 


19,57 


8,24 
8,60 
8,96 
9,32 
9,68 
10,03 


10, 75 


23,30 
2423 
25,16 
26,10 
27.03 
27,96 


10,95 
11,29 
11,63 
11,97 
12,31 
1 2,66 
F 3-00, 
13734 
1 3258 


37753 


10,73 


20,04 


[111,08 


11,42 
1177 


12512 


12,46 
12,81 
137515 
13.550 
13,85 


2 
29797 
30,91 
31,85 
32,78 
33572 


60 


35759, 
36,53 


10,86 
I 152 1 
11,56 
11591 
12,26 
12561 


13731 
1356 


3747 14401 


1 2 


28,99 
29,93 
30,86 
31,80 
32573 
33767 


35554 
36,47 
37741 


10, 9828,94 
11,3429, 87 
11,6930, 81 
12,05] 31,74 
12,4032, 68 

1276133761 
1371113454 
13,463 5748 
13782136, 41 
1475171377234 


11511 
11,47 
11583 
12,18 
12554 
12,90 
13,26 
13,62 
13,98 
1434 


28.89 
29,82 


30,75 


31,69 
32, 62 
33255 
34,48 
35541 
30,35 
37,28 


159 


5554 
60 456,38 


Dep Dep Lat. 


14,71 


6]: 9,5, 
19,84 


14,02 
14.37 


38,47 
39,40 
40,34 


I 555 
15739 
15573 


41,28 
42,22 
43,16 


16,08 


16,421 


:6,76, 


17,1046, 910 


44, 10 
5503 


1419 
I4, 54 
14,88 
15,23 
15,58 
15,92 
16,27 
16,62 
16,96 


. 


7,31 


38,40 
39, 34 
2 

1521 
42,15 
4309 


44,02 
44,96 


45,90 
46,83 


14, 36 
14,71 
15,06 
1541 
15,76 
16,11 
16,46 
16,81 
17,16 
1751 


38,34 
39,28 
40,21 
41,1 5 
42,08 
43,02 
43595 
44,89 

47.82 
46,76 


16, 3004 
16,65 


I7,72 


143 53038, 28 
14,8839, 21 
5523640, 14 
5, 59/4508 
1579442, 01016, 13 
42,94116,49 


14,69 
15,05 


43,88 


17501 44,81 
7,3604 5,75 


46,6 


7,44 47,85 17,65 


6 17.79 


18573 
18,47 


49,73 
150,09, 


48,79,18,00 


118,34 
13,69 


47577; 
48,71 


50, 58 


18,81 57560 19,0451, 52 
9515 5 52554, 19,38 


20,18 
1 


55,48 
5442 
55535 
150,29 


19,73 
20,08 


20,42 
20,77 


Dep. Lat. 


52345 
53739 
54733 


Dep. 


49,64 


55126 
56,2 


17,86 
18,21 
18, 56 
18,91 
19,26 
19561 


19,96 


20, 31 
20, 66 
21,01 


Fat. 


47,69 
48,61 
49,56 
50,50 
51543 
52537 
53730 
54224 


56,11 
Dep. 


O Min. 
70 Deg. 


45 


Min. 


30 Min. 


18,07 
18,42 
18,78 
19,13 
19,49 
19,84 


5517 


21,26 
[Tac 
15 Min. 


20,20 


20,55 
20,90 


47,61 
48,54 
49,48 
50,41 
$1335 
52,28 
53721 
547515 
55,08 
56,02 
Dep. 


817,92 


1 5,41 


38,21 
39,174 


120.0 


21544] 8 
22,37] 8 


10,87 


15777 4 


8016,84 
17520 
17,56 


18,28 
18,64 
18,99 
19735 
19,71 
20,07 
20,43 
20,79 


I 


1501 


— »94 
42,87 
43380 
44274 
45,67 
46,60 


9779 
10,15 
10, 51 


11524 
11,60 
11,96 
12,32 
12,69 
13,05 
13377 
14,14 
#4950 
14:86 
15,59 
15,95 
16,31 
16,67 
17,0 
7540 


9,4202 19 


22 39,08 


25,12 
26,05 
26,98 
27,91 
28,84 
29577 
30,70 
31,64 
32,57 
33550 
34743 
35,36 
36,29 
37,22 
38,15 


40,01 
40, 94 
41,87 
42, 80 
43773 
44,66 


17,7 
18,12 


3759 
46,52 


419751 
20,438 


21,36 
22,29 
23722 


11,7329, 2 11, chu 
12510030, 65 12,2) 


13793 
14729 


35,29 
36,22 


12 


12973 
13730 
711371 
14,0Fj 
144933 


15,04[33,08 
rs,39139,0 
157639294 


16,13 
16,4 

16,86 
17,23 
17359 
1759 

18,33 


0,87 
1,80 


2373 
3765 
bY 


5551 
6, 


48,47 
49,40 
50,33 
51,26 
52,19 
53913 
54,06 


21,14 
21,50 


54599 
55792 


475530 


| 


19,21 


19,9 

20,30 
20,06 
21,02 


49,31 


19,5750, 24 


51,17 
52, 10 


18,69 
19,0 
19443 


20,10151,09 


20, 5252,01 


5303 
53796 


20, 


126ʃ53,87 
21,38054, 90 , 62054, 80 
21,75 55,83j2.1,99 55573 


52794 


1777 
18,1 


J 


18,53) 


737 50 
8,3019525 
9,2310, 
19,7950, 16020, 00% 


0 


20,5 


2057 


2114 


222 


21,405 
21,80; 


Lat. 


| © Min. 


Dep. 


45 Min. 


Lat. 


Dep. Lat. Dep. 


Lat. 


30 Min. | 15 Min- 


69 Degrees 


2,6 


_68 Degrees 


22 


220 


ↄdutenig 
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20 Degrees 


536 


O Min. 


15 Min. 


30 Min. 


45 Min. 


21 Degrees 


o Min. 


1 5 Min. 


30 Min. | 45 Min, 


ↄdueyiq 


Lat. Dep. 


Lat. 
— — 


5770,86 
58,2602 1,21 
6349,202155 
64100, 14/2189 
65161,03[2223 
6662,02 2,57 
2259 
23,26 
402 3,60 

2394 
24,28 
24.63 
24,97 
25, 
= 
25,95 
26,34 
26,63 
27,02 
27,30 
27372 
28,05 
28,39 
28,72 
29,07 
29,41 
29,76 
30, 10 
30:44 
30,78 
31,12 


7617 1,42 
7772,30 
79413230 
7974,24 
$47 5-10 
8176,12 
8277505 
$3177:99 
$:173,93 
$5179.67 
$6189, $1 
$7131,75 
$132,609 
8953,63 
9 880 
118 5,51 
286,45 
38739 
468,33 
89.27 
9690,21 
9791,15 
99020903352 
999 3,03033, 86 
0 9397134420 
0119491134454 
0219 5 5134, 89 
0300,79 


32,15 


31, 4780.3 
31,81 
88,19 
32,498 
32,83 
33518 


96, 


99,61 
07]100, 5 


102, 


7573 
98,67 


101,5 


35723 


35757197757 
98,51 
36, 2599,45 


35791 


36,60 
30,94 


37,28 
— ; 


37,02 


$723 
58,17 
$99 #2 
60,04 
60,98 
51,92 
62,86 
63,80 
64,74 
65,07 
66,61 
07.55 


Dep. 


Lat 


'Dep | Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. | Dep. | Lat. 


Dep. 


21,11 
21,40 
21,81 
22,15 
22,50 
22,84 
23519 


57514 
58,07 
595,01 


5979 
85,8 


61,82 
62,76 
63,09 
64,63 


65,57 
2 


66,50 
67,44 


68,49 
1 3 
70,36 
7173 

737¹8 
74,12 
7506 


— 
75799 
76,93 


78,81 
71957 > 
$0,68 
81,62 
82,56 
83,50 
84,44 
85,38 


87,25 


9,13 
90,07 
91,00 
91,94 
92,88 


29,77 


25427 
25,61 


27,00 


2733 
27,69 


68,38 
69,31 


25,967, 25 
26,3171, 19 
26,672, 12 


73706 
745,00 
74.93 


2592 


28,02 


21,36 
21,71 
22,06 
22,41 
22,76 
23911 
23,40 
23,32 
24517 
24352 


5704 
57798 
55,91 
59,85 
60, 79 
61,72 
02,60 
63,59 
64,53 
65,46 


21,01 
21,97 
22,32 
22,07 
23,03 
2 33s 
23774 
24,09 
24345 
24,80 


56,95 
57,88 
58,82 
59775 
60, 68 


52,55 


22,22 
22,58 
22394 
| 23,29 
191,62) 
24,01] 
24,37 


21,86 


23,65 


64.42 
2 DE es 
35753 


24373 
25509 


56,85 
5779 
58,72 
59,65 
60, 58 
61,51 
62,45 
63,38 
64,31 
65724 


56,7 
57, 6⁴ 


22,11 
22547 
22, 8 3058, 6 

2352959755 
23.5660, 48 
23,9206 1,41 
24, 2 862, 34 
24, 6 5063,27 
2 5,0 1064, 20 
25,3757 


22, 3656,66 
22y731537»59 
23,09]58,52 
23546159, 44 
23,32160, 37 
24,19 61,30 


22,60 
22,98 
2.3935 
23772 


24.46 
„ 


24,09 


24, 56062, 23 
24,9263, 16 
2529/64, og 
25,6606 5,02 


24483 
2 5,20, 
25557 
25.94 


66,40 
67,33 
68,27 
69,20 
70,14 
71,07 
72,94 
73,86 
747,81 


24,87 
26522 


25557 


26,27 
26,62 
26,97 


5 


25515 


2 5,51 


25,86 
45 

757 
26,93 


27,2 
27,63 


27:99 


28,34 


66,28 
67922 
68,15 
69,09 
70,02 
70-95 
71,89 
72,82 
7375 
74,69 


25,44 
25,80 


287606 
26, 52 
26,88 
27,24 
27359 


27795 
28,31 


28,67 


66,17 
67,11 


63,97 
69,90 
70, 83 
71,77 
72570 
73763 
74450 


28,6317 3750 


27755 570, 71 
27,9117 1,04 
28,27172357 


295007443 


26, 0206 5,9 5 
26,3966, 88 
26,7667, 80 


68,73 
69,66 
70,59 
715,52 
72,45 
73,38 
74231 


27,12 
27549 
27,85 
28,22 


26,31 
26,68 
27,05 
27,42 
2779 
23,16 
28,52 
28,90 
29927 
29,65 


28,0 
28,3 


29,07 
29,42 


30, 11 
30, 46 
3078 1 
31515 


7 
1727 
7574 
78,68 


a 


5387 


79,62 
80,55 
$1,4 

82,43 
83,36 
84,30 


28,72 


75575 
76,68 
77,02 
78,55 
79749 


0542 


28,37 


29,07 
29,42 
29,77 
30, 12080, 42 
30, 4781,36 
30, 82082, 29 
31,1783, 23 
31,52]84,16 


31,50 
31,84 
32,19 
32.54 
32,88 
33:23 
33557 


8574 
86,17 


38,05 
88,98 


39,92 
90, 86 


33792 
34727 


93.82 


34,61 


91,79 
2373 
67 


87511032, 5786,97 


31,878 5, 10 
32722 86,03 


32,9208 7, 90 
33,2788, 84 
33»02189,77 


92,58 
9355! 


34,07 
3502 


28, 70 
29,05 
29,41 
9,76 
30,11 
30,47 
30,82 
31,18 
31953 
31,89 
32,24 
32,00 
32595 
33730 
33,66 
344,01 
34, 37 
34772 
35507 
35543 


94.7 


6 
O 
6 


9337 


100, 4 
101,3 


107,1 
108,1 


104, 3 
105,2 
106, 2 


10g, o 


37,96 
38,31 
33,65 


39,33 
39,67 


109,9 
11059 


40,0 2 
40,36 


19 111,8 0,70 
20112, 84 1, 04 


Dep. 


Lat. 


104,1 


34,96 
3573 
3 565 


37738 


38,42 


94,00 
95,54 
96,48 


101,2 


102, 337,7 3þ1 02,1 
103, 238, 7103, o 


104, 0 


105, 138, 7704, 9 


107, 9 


39,80 


106, 0 39, 110t 05, 8 
38,9910), 0 39, 46105, 8 


107,7 


108, 8 40, 150108, 7 
109, 8 40, 50109, 6 


110, 740, 841 10,5 


111,641, 191115 
112,641, 53/1 12,4 


9445 
95739 


35737 
35372 


36,07 
36,42 
36,77 
37» T2 
37747 
377582 
38,17 
3 3,52 


| 8,87 
22 
7 


96,32 
97,26 


3578 
36,14 
36,49 
36,8 5 


98,1937, 20 


99, 12 
100, 1 
101,0 
101,9 
102, 9 


37,56 
37791 
38,26 
38,62 
38,97 


75,02 
76,55 
777549 
78, 42 
79735 
80, 29 
81,22 
32,15 
83,09 
84,02 


29,03 
29,39 
29,75 
30,10 


30,82 
31,16 


31,90 


30,46 


31,54 
32525 


75549 
76.43 
777.36 
78,29 
79722 
80, 15 
81, g 
82,02 
82,95 
83788 


29,3 075737 
— 
30, 87723 
30, 4578,16 
30, 8 129,09 
31,17 gy 

ly 0,95 
f Ke 8 I ,38 
32,26]32,81 
32,02 83,74 


31, 5279, 88 
1,89 80, 81 


32,998 3559 


30,02 
39939 
30,76 
31513 
31,50 
31,87 
32,24 
32,61 
32,98 
33»35 


2525 
88,82 
87,76 
38,69 
89, 62 
90, 56 


91,4935711 


92.42 
3 


93,36 
194,29 
95,23 
96,16 
197209 
198,03 
98,96 
99, 89 
100, 8 
101,8 
102,7 


ö 


325,6 1 
32797 
33533 
33769 
34,04 
34540 
34,76 


35,48 
35784 
36, 20 
36,55 
36,92 
37927 
37»03 
37799 
38,35 
33,70 
39,06 
39,42 


84,81 
85775 
86,6 

87,61 
88, 54 
89,47 
90, 41 
91534 
92527 
93,20 


32,98[84,67 
33,3408 5»60 
33771086, 53 
3450787, 
34, 43088,39 
34,8089, 32 
35,1 6190,25 
35:52[91,18 
35758892, 11 
36,240 3· 04 


3323554,52 
33757255745 
34, 0986, 38 
3424 518731 
3482 8324 
35518189,17 
3555590, 10 
35792 1,02 
36, 289 1,95 
36,6 592,88 


3372 
34-09 
34746 
34,83 
35,20 
352357 
3 5994 
36,31 
36,69 
37,06 


94,13 
95,00 
96,00 
96,93 
97,86 
93,79 
39373 
100.7 
101,6 
102,5 


e 
36,9794, 90 
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577324, 155,622 5,0 5551 5730 5554002554 
56,5325,47 56,4227 56, 30/2 5,96 
63057-4425, 88057, 33 6,1357216, 38 
58, 3525, 2958, 2426, 5458, 12 26, 80 


$5529,25»78\155,17/26,02 
56,19/26,20 56,08/26,45 
57,10. 36,6356, 9826,88 
58,00 27,05 57, 88027, 30 


926,44 59,2726, 70059, 1526, 9659,03 27,22 
26,8 5 60, 1827, 1160, 0627, 3759,94 27,63 


28,0762, 9128, 3 62,7928, 62 2,66 28, 89 


27,6662, 00 27,9361, 8828, 2006 1,7528, 47 
28,47 637,82 28,7 2 29531 


372929283 


58,9 127,47 58, 7927, 73058, 6 


2 
30 Min. | 45 Min. E 
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55,0066, 2654, 9426,51 
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56,867,125, 757,37 


59,82 277,90 39,6928, 16 


27,2661, 09 27, 52060, 97 27, 79.60, & 28, of, 22 28, 32 60, 60028, 5800, 48 28,8 5000, 3529, 11 


61,63 28,74 61550029,01 


62,53 29, 1662, 4029, 44062, 28 29, 7 1062, 1529 9 
Ga ating. of 63,3129, 8663,18 3051 x 


538,07|27,99]58,551\28,2 
59,5728, 4259, 458, 6 
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| 6 
57.777, 56057, 6527, 80 - 
6 

6 


1,3829, 3861,25 


1606850 29, 576 5, 5229, 8 6b 5, 39 30, 1 


29,6966, 36,29, 9866, 4330, 2756, 29 30, . 


30, 51068, 39030, 81 
30,9169, 3031,22 
31,3270, 2 31,63 
31,7371, 1232, o4 
32,14/72,0332,45 
32754.22˙943289C572780033218½722803325 


64586 25,58 64, 7429, 1664, 61 29, 4404, 48 29, 73064, 35 30, 0164, 22 30, 2964, o8 30, 5) 
6 52530, 4365, 1230, 7264, 9930, 9 64,8 531,28 

66, 16 30, 85 66, 0/3 1, 1 506 5, 893 1,4365, 7531,71 

30, 1067, 47 30, 39067, 34 30, 6906 J, 20 30, 98%, o7 31, 28066, 9431, 58066, 79 
3,2 5031, 10068, 11031, 4067,97 31 

„16031, 269, oa 31, 8268, 88 32, 12 
o, o) 31, 9369, 93 32, 2469, 78 32, 5469, 65032, 8 569,50 
„98032, 3570, 83032, 6670, 69 32,970, 5533728 
1,8932, 76 1, 4,33, 08% 1, 60033, 391, 4633,70 
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67,84j32,0c[67,70 32,58 
68, 75032, 42068, 60 33,0 
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70, 41 33,8 
71,31 3473 
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53 33,75 5,6834, 097 5, 53 34,420) 5.38034, 7 
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3779,48 35939 79»33 36, 0879,01036, 43 
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9082, 22 36,0 182,06 37,3208 1,73 37,68 


73,4134,23½3,2634, 55 
74, 32 34, 6674. 1734.98 
7522 35,08 75,735,450 
76,13 35,50% 5,9735783 
77,043 55936, 88 36, 26 
7779436, 3577, 7836,69 


78,85 36,77 78, 6937,12 
795753751979, 5937,54 


80, 6637,62 80, 493779780, 33 
81,57 38,04 81, 40038, 3981,23 
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74401 35,02 
74492 36,06 
75758236 30,4 

76,72 36,93 
77,03 37,3 
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79743 38,23 
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»29} 3,07 6,28 6,27] 3»12] 6,25} 3,15 6,24] 3,180 6,22] 3,21] 6,21 3»23] 6,20] 4,24 «| 

7 


dur 
0 
5 
2 
- 


Oo 
8 
0 
> 


75191 3,51 7,18 7,160 3,57 7.14 3560 7,13] 3,63 7,110 3,6 75100 3,69] 7,08 
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17115:28| 7,451 5, 25 7, 5201 6, 21 7559] 5, 18 756 5015, 150 7,72 1800 7,781 5, o8 7,85 15,05 77021 
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4338,65 38,57 8079,1938, 4019, 3538,31 19,52 38,23 19,8638, 06.20, 0ꝛ | 
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54783 26,7454, 77 
557573 27,18, 
56,62 2,6 
6457,52 28,057, 4028,31 
58,42 28,49 58, 30h 


55761 
56, 50 


91 
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05 
ob 
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08 
09 


9363 59 
94645494121 84,31 
5 488 85520042, 02 


17 42,8 86, 10 


13,70 


$5174,60 
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8976,40 
77,037,70077513 
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79,99 


$0,39,39:45 


28,9359,15 


2029,37 60, og 
68 61,12 
69162,02 
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29,81 60,99 
30,24 61 „8g 
30,69 62,78 


26.08 


54759 
55549 
56,38 28,11 


26,98 
27542 
27,86 


28,75 


29,1959 07 29,45 
29,63]59,96[29,89 
30,07]60,86 
30, 5261,75 
30,9 662,65 37,23 


31,12\63,68 
31,56 64,58 
324006 5,47 
32,44 66,37 
32,88 67.27 


3331/68, 17 
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33,0! 
34»3 2 


35738 
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30, 3460, 72 
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447 27,4 
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57715 28,81 
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31551 
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42,52 8750 
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43,40 88,79 
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100, 7 
101,6 
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104,3 
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Pon 
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409,10 100,5 
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50,4103, 1 
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41,57 
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46,44 
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47732 
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10153 


107, 6 
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34,80 47,30 
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93,44 49,08 8. 


99,34 49,53 
49» 544 20,2,49,97 
101,0 50, 42 
101,9 50, 8) 
102,8 51,31 
31,76 
51,75 104,652, 20 
52,1905, 552, 65 
52563106, 4 53,10 
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84,8 5 42,76 
85,73 493521 


877.62 24411 


86 6243,65 86 


54735 == 54723 
5552428, 1557120 
56,13 28,6056, 02 
29,06 56, 90 


3765 
58,04 29,26 57,92 


38,85 


39 ˙70 


29,5157,79 
29,9658, 68 


30, 4259,56 


60,59 39,87 60, 5 


61,48 31,3361, 34 


62,37 31,73j02,23 
63,26 32,2300 3, (2 
64,15 32,69 8 


65,04 33,14 57 90 
65,94 33, 6065, 79 


Dep. 


27793 

8,39 
28,85 
29,30 
29,76 
30,22 


Lat. | Dep. | Lat. 
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55,00 


2 
56, 7. 


57760 


30, 68 
3151 


58,54 


59743 


60, 32 


315596 1,20 
32, 0662, og 


[28,17 53798 
28,6354˙87 
29,09155»75 
29,55]50,04 
30,02]57,52 


30, 4858, 41 
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Dep. Dep. 
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- > — OSS —ä 


— 
- 
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29,8 
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31,67 
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66, 83 34,0 566, 68 
67,72 3455 57557 
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69, 50 35,459, 34 


45 
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33743 


34534 


35526 
35572 


70,39 35787 70523 36,17 
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36, 63 


652,98 
6357 


33,886 
66,53 34,63 6 
34,806 
68,3c 


69,19 


1 


64,7 5 
5564 


754 


70,07 


70.96 


72,17 36,77 72,01 


825,86. 
83,75 42,68 
84, 6443573 


8555 


6,43 44, 04 
87,32 44,4987 
58,4144, 56 88 21044795 


39.8043 89,10 454,40 


36,91 73506 37:23J72,90 
73795 37,6873, 79 
747,8 5 38,1 

75˙74.38,59 
76,63 39,04 
77569039, 677,52 39, 50 
78,58 39,61 78, 41 39,95 
79,3040, 41 
80, 37 40, 51 80, 10 40,86 
81,26 40, 96 Ir; 0841,31 
92, 1541,41 81,97 41.77 
41,1383, 23 41, 5083, 5 41,86 
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80,01 


81,70 
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36 „24 
7512 


88,01 
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76, 4639,38 
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3709 
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38, 00 
38,46 


40,29 
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83,57 43,0405 
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45733 


88, 90. 45,70 
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73,02 
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76,28 


777517 
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78,94 
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81,61 
$2149 
3,38 
24327 
88 


86,93 
87,81 


72574 


86, 4044, 79 


33725 


347,17 


3591 
3556 
36,02 
36,48 
36,94 


37540 
377586 
38,33 
38,79 
39,925 
39,71 
40,17 
40464 
47,10 
311,56 


33,7 864, 60 


32,7962, 83 


3372 
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6,37 
67,26 
68,14 
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69,91 


33,00 
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72,57 
73,40 
74734 
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76,11 
77,00 
77,88 
78,77 
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71,68 
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42,02 
42,48 
42,94 
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43,87 
44733 


45725 
45572 
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81,42 
82, 30 
83,19 
84,07 
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86,73 


87,61 
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101,8 51552 


Dep. 
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89,70 
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100,0 50,41! 99,89 50785 99,57 
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46,25 
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91,57(+7,36 
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89,50 
90,48 
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94,02 
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95,80 
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46,64 
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51,28 
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53757 
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93,81 
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102,7 
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7.060 3,76% 7,05} 3,790 7,03} 3,82 701 3,5] 6,99 3,88 6,98 3,916,963, 94 
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2824,72 13,1424, 67 13.254,61 [TH 391:4,55/13,47|;24+491 3,58 24, 4313,68 24,3713,78 
29 25,01 13,61% 5,55 13,72 5, 49 13,83 25,43|!3495|'25,37 14,0625, 3! 14517 er ee 
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175 5210/27, 70 51,97 275925, 5 55 x: 515 7228 38, 815528; 51 51; 48 28,84 51535 2965 512202928050 102 

282.28 23,175 52,85 528740 5227 2475j28 63152, 65 %a8. 36 52:4%20 29:09"'52435.2 932/52, 22 29, 5552, 09029, 7 7/bo 6 
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45 Min. 


Lat. 
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54570 
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31,26 
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1,92059,90 
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31,245 7799 


32,18 
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31,97 
32,45 
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59,75 
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32,92 


56,99 
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58,74 
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56,85 
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55,60 
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60,353 
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32, 00 
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56,72 
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58,46 
59733 
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31,70 
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56,57 
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58,31 
59,18 


32,01 
32,50 
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58,17 
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36,1664, 41 
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86,38 48,3886, 2648,75 85,9549, 121 99 
87,2 5048, 86887, 4449, 24486, 8249, 62 100 
88, 12049, 3 587,9 049,73 £7369 50,1201 
89,0049, 848 8,7850, 23 88, 56 50,61 102 
89,8750, 3359.65, 79,4251, 11003 
90,74 50,8290, 5251,20, 295 1, 61004 
91,61 51,3191, 3905 1,7091, 1632, 10 105 
92,40 51, 8092, 26052, 19002, 0352, 600106 
93˙3 5.52, 289 3, 13052, 69 53,0910) 
194: 2415297 7194400 53915 

53420 
it05.98 


92292 
- ; 53259 108 
9511 4253715307 
52,496,452, 91 5375 
97 08 331190, 58 5 


93776 
94.65 54, 00109 
A es 
5297977345339 54,2490, 6054, 6696, 375 550811 127) 
53-4492» 19153-57497 296543303977 215497 19734615 53 1 519732415 52591112 
53,929,074, 3508. 8357588 5,298, 3555,64 56,07 113 
64.409, 504˙83 99,755 55 799,47 55,½7 099, 2256,13 


61,66 61.22 


62, 54 
63,42 
64931 
519 
rf 
66,95 
67.83 
68, 71 
69,59 
70,47 
715,35 
72523 
73711 39,29 
74, 039, 76 
74,8840, 23 
75576040, 70 
76, 6441,18 
777552 41,65 
78,4042, 1 
(79,28 42,60] 
80, 1643,07 
81,0443, 85 
31,92 44,02 
82, 8044,40 
$83,89444,60|83,69 44,96 
64.765, 07/84, 5745,44 
65654 5,5408 5,454.59 
886, 53 46, 00086. 33046, 38 
987, 41046, 4787, 2146, 86 
38530459 588,047.32 
1859,18 4742088,97 47,81 
290, ob 47, 89 89,8 5048,28 
o, 94 48, 3590, 7348,75 
9158348, 82 91,6649, 22 
5 5749,2992, 4949,70 
93,5049, 7693,38]50, 17 
79448050, 23 94726 50, 64 
05,3650, 7009 5,1405 1,12 
96,2451, 17906, 0251,69 
2 $164190,90152+07 
95,00 $2,11197,78[52,54 
105,89 52,5898, 66/5 3,01 
597753, 599, 5445 3-48 
02,7153» 52þ r00, 4% 3,96 


3454160, 77 
34,9661, 64 
35345102451 
3595103, z8 
30,44104925 
36,9 3065, 7 


33,67 
34715 


61737 
02,25 
63,1334, 63 
4 00135371 
54,883 35259; 
65,7536, 03 
65,03 
67,51 
68,39 
3769j69,26;38 
39,75 70.14 
38,6 5 6 5 71,02 
39,137 1,89 
3990117277 
40,0817 3,65 
40, 5674, 5240, 8874, 34 
41,0417 5,4041, 3775,21 
41,5176, 2841, 8 576, 09 
41,9977, 1742, 33076. 90 
42,477 8,03 42,8 177,84 
42,9478, 9143, 297 8.72 


42,4279.7 8043, 7779, 59 
43,0080, 44, 25180, 47 
44,3808 1, 54447308 1,34 
4448 582, 4145, 182,22 
45,3308 3,2944 5,6983, 09 
45,8154, 1746, 8083.97 
46,2808 5,0546, 66684, 84 47,03 
46,768 5,9247, 1408 5,7247, 51 
47,2486, 8047, 62086, 5948, oo 
47,7287, 6748, 10087, 4648 48 
48,1988, 558, 5888,3448,97 
48,6789, 4349,06½89,21 49,45 
49,15%. 3049, 540, 09 49, 94 
49,620 1, 185, O20, 96 50,4: 
50, 102, C650, 501, 8450,91 
50, 5 892, 94.50, 99/92, 7151,39 
51,063,815 1,4793, 5957, 88 
51,534,695 7,9 54,4052, 30 
5250119555752, 43095,34/52, 85 
96, 215 3,3 


61,52 
62,40 
63,28 
64,15 
65,03 
69,75 
57,67 

8,55 
659,4 
70573 
71,19 
72,09 
72,94 
73,52 
7470 
75758 
76,40 
77734 
78,22 


90. O9 
92 


79597 
80,8 5 
81,73 
82,61 
83,49 
84,37 
85,25 
86,13 
87,01 
87,88 
33,76 
89,55 
99,52 
91,40 
92,28 
93,16 
94504 
9.7591 
95579 
96,67 
97755 
98,43 
9943? 


100,2 


61,08 
91,95 
62,32 
53769 
64557 
955344 
66,31 
67,10 
68,06 
68,95 
59, 8o 


3354 
337885 
34530 
34783 
35931 
35379 
36,26 
39,74 
377522 


33294 
344. 


33.13 
33-01 
34,08 
347555 
3502 

35250 
33997 
39,44 
39,92}: 
37739 
27,87 
38,34 
38,81 


34.74 
35523 
35973 
39,22 
36,72 
37722 
37971 
38,21 
38,70 
9, 2c 


32,86 
33733 
33,80 
* 34,27 
65, 34.34.74 
524357521 
3568 
36,15 
36,62 
37,08 
79464137, 56 
71,52|38,03 
72,40 38, 50 
973.2938, 97 
7917039543 
7505.39,90% 
75 ˙93 40,37 
76,8240, 84 
7757041, 31 
78,584 ,78 
19447142325 
180, 35142372 
21$1,2 3/4319 
4132,12/4.3,06 
53,0014441 3| 


62,59 
62. 95 
63,85 

54,72 3 


71039275 
40,24 
40,72 
41,21 
41570 
42,18 
42,67 
4315 


46,06; 
40, 54 


uU 


98,11 
114 


N01, 5 
902,4 
Foz, 3 
Aro, 2 
9105,1 
0109,0 


53599 
5454 
54593 
55709 
58˙86 
56,34 


101,3 
102,2 
1035, 1 
103,9 
104, 
10577 


54543 
54,90 
55738 
55785 
56,32 
56,82 


1011 
101, 
102, 8 
103,7 


105,5 


104,6 


54547 
55735 
55783 
56,30 
56,78 
57,26 


100, 8 
101,7 
102,6 
103,5 
10473 


105,2 


55531 
5580 
6,28! 


100, 6 55% 5100, 3 


101,5 
10253 


56,76 


57524. 
57.720105, o 58,18 


103,2, 


1045, 1 


9,2 

$9324 
56, 
57721 
57509 


101,2 
102,1 
ae 
10358 
10427 


96,19 
56,68 
37217 

e 
58,15 
58,64 


100, 1 
101,0 
101,8 
102,7 
103, 6 


104,4 


56,63 
57712 

7,01 
58,10 
58,59 
59.09 


99,54; 
100,7 


98. 9766,57 


5770611 
,57»50 


101,6 58,06 


102,4 


103, 3 
104,2. 


Dep. 


Lat. Dep. 


Lat. 


Dep. 


Lats 


Dep. 


o Min. 


62 Deg.| 


_45 Min. 


30 Min. 


Lat. f Dep.! Lat. 
is Min, 1 O Min. 


N Dep. 


Lat. 


Dep. 


La. 


58,55 
5995 
597,55 


Dep. | Lat. 


( 


45 Min. 


30 Min. 


15 Min. 


61 Degrees 


1,801 


5 


In 
U 


60 Degrees 


1373 © 


116 TRAVERSE TABLE, 65. 


30 Degrees 5 31 Degrees NB 
o Min. 15 Min. | 3o Min. | 45 Min. | o Min. 15 Min. | 3o Min. | 45 Min, 
Lat: | Dep.] Lat.] Dep. | Lat. Dep. Lat. | Dep. Lat. | Dep. Lat. Dep. Lat. Dep. | Lat, Dep, 


0,87] o, sc 0,86} 0,50} o, 860 0,514 0,86] o, 5 il 0,86| o, 510 o, 85 0352] 0,85 
1,73 1,00f; 1,73] 1, 0 1,72] 1,01] 1,72 1, 02 1,710 1,03] 1,71] 1904] 1,70 
2,50 1,50} 2,59] 1,51] 2,58 1,52] 2,53} 1, 530 2,57 1,54 2, 56 1,56] 2, 56 
3.40 2500 3745 2501 3745 2503 35 250 3743 25,06 3742 2507 3741 
4,33 2,50 4,32] 2,52 4:31} 2354] 4428} 2,56} 4,29 2,57 4, 27] 2259] 4,26 
5520 3,oc| 5718] 3,02 $,17] 3,04 5,160 3,07 5,14 3,09 5513J 3711] 5712 
6.060 3,5c| 6,05} 3,53] 6,03] 3,5 J 6, oz] 3, 580 6,00| 3,60 5,93] 3,63] 5797 
6,93] 4% 6,9 1 4,03] 6, 89 4,06] 6,38] 4,09 6, 860 4, 12 6, 84] 4, 15 6,82 
2.70 4,5 7577] 4,53] 7275; 4,57 7373} 4,60 7,71] 4,63 7,69] 4,67} 7.67 
Ic} 8,66 5, oc 8,64 5,04] 8,2 5,07] 8, 59 5,11 8, 57 5,15 8,55 5,19] 8, 53 
til 9,53] 550. 9,50 5,54 9,48 5758 9545 5,02 9543 5766 9,40] 5571 9,38 
12410, 39 6,0c 10535 6,0410, 34 659 10,31 6,13 10929 6,1810, 26 6,22 10,23 
131 , 26 6, 50 11, 23 6, 5 8011, 20 6, 68011, 17] 6, 6511, 14 6,611, 1 6,741,080 
14412, 12 7,0cþ.12,c9] 7, 05H12, o6 7, 2, o3 75161200 7, 2111,97 7,2611, 94 7, 32011, 90 
1512,99 7,50 12,96 75560125930 7,61 12,89 7,07 12,86| 7,72 12782 7,78 12,79 
1611 3,86] $,ac; 13,82 8,0613. 8. 1213,75 8, 1813,71 8,24 13,68 $,30[13,64| 8, 3613, ö 8,40 
1714772 8,50 14, 69 8, 5614,68 8, 6314,61 8,6914, 57 8,7514, 53] 8, 82014, 50 8, 884,45 8,94] 
9 255 9,0<| 15,55} 9,07} 5+51} 9,14] 15,47 9,2001 5, 43 9,271 5,39 9, 341 5,35] 9,4015, 30 9,478 


burn 


MF 
I,oq 2 
1,5 ; 
2,1 fl 
256) 
35100 6 
3:bY 7 
4321 

4174] 5 
30 $3200tof}; 


$3791 
6,31 12 
58% 
77-37 
7,31 


1 Ow bb w 6H ww 


2. 2 


16,45 9,5c| 16,41] 9,5716, 37 9,616, 33 9,7 116, 28 9,7816, 24] 9, 86016, 20 9, 93016, 1 510,0 10 
2917,22 0% 00 17,2810, o) 7, 23010, 17, 1910, 2301), 1410, 3017, 10010, 3717, 510, 451770 110, fl 
21118, 19110, 50018, 1410, 58018, 0910, 66018, 0510, 74/18, 0/10, 8217, 9510, 8917, 91/10, 97/1), 861, op 
2219, 05% 1, 0 19, oc 1, 0818, 961 1, 1718, 9101 1, 518, 86011, 33018, 81011, 4118, 7611, 50018, 71 , 4] 
2319,92 11, 5019, 87 1, 59079, 8211, 6719, 76011,7619,71 11,8 5019, 6601 1,9 319, 61012, 02 19, 56012, ic 2 
24 20,78 I2,00| 20,7 311 2,00 20,68% 2,18 20,02 12,2720, 57 12,36 20, 5212545 20, 46 125 54120341 12,6314 
2502156512, 502 1, 680/12, 59 1, 5412, 690K 14%/12,78 21543012, 882 1, 3712,97 z1, 3213, ob 21,26 13199 
26022, 5213, 00 22,46 13, 101224401 3, 2022, 3413, 292, 28013, 3922, 3013,49 2, 17/13, 592,11 
2723538 13,5023, 3213, 60z 3, 27/1 3,7 13, 20013, 800 3, 141 3,9 12 3,0814, 1,3, oz (14, 1122,90 
2512442 514, 024,914, 11024, 13014, 2 1024, 0614, 314, 0014, 4223, 9414, 532 3,8801463 23,51 
29 | 


25,114,502 5,014, 6104, 9914,72 4,9214, 324, 8614.94 24,791 5,0 fz, 7301 5,16] 466 
3912 5,98 1 5,00 25791075, 5,8 515,22 5, 7815, 3400 571 15450 25565 15, 56· 6,5801 5,67 —.—. 55795 | 
z iſab, 8 5 15,526,781 5,62[26,71115,7 326,641 5,8526757 15,9726, 50,16, 08026, 43016, 0026, 3676, 05 
32 27,7116, oc 2704 16, 1227, 57/16, 247, 501 6, 36027, 43016, 4827, 36016, 6027, 28016, 722721016, 8067 
8,58,16, 5028, 5 16,6228, 43016, 7 528, 36016, 8728, 2917, ocz 8, 2117, 1228, 14017, 2442 8,061), 301] 
1 1700 29,377, 1329, 30017, 269, 22017, 3829, 1417, 5 129, 0717, 64 z8, 99017, 77 8, 917,90 
33,3117, 5030, 23 7,6330, 16[17,77130,08|i7,591130,00|18,031/29,92|18, 1629, 84018, 2929,76 18, 205 
3003 1, 18018, 00.31, 10018, 143 1, 018, 27 30,9418, 400030, 8618, 5430, 78018, 68030, 7018,81 30,61 
32, 0318, 5031, 9618, 643 1,8818, 78 31,7918, 9231, 71019, 06.31, 63019 20431, 55019, 3443 1, 4½9, 4% 
$132,91119,00 32,85 19,1432, 7419,29032, 65/19, 4332, 5719,57 32,4919, 7132, 3oſ m, 8 
3953, 77,19, 3033,69 19, 6 503 3, 60019, 803 3, 5119, 943 3,4320, o9 3 3,4420, 2333, 26020, 38033 1600, fig) 
— 34»64:20,00 34»55]201 513 4446120, 3<f34, 38/20, 45034, 29020, 60 34. 20020, 534, 11020, 90341 %½ T0589 
41 35,5120, 50355, 2 f, 6535, 33020, 8 13 5.2 20, 9603 5,1402 1, 1235505021, 27134, 962 1, 42 34786021, 570 
36,37% 1, 0036, 282 1, 1630, 1921,32 36,09 1, 47030, 0021, 6335,92 21, 7903 5,8121, 513 572,100 

2 1550371 5½ 1,6637, ff F1, 8 3036,98 1,9836, 8622,15 36,7622, 31036, 6622,47 36, 56 6 
4438, 10 2, c. 38, 01, 1737, 9122, 33037, 81022, 4837,72, 6637, 6222, 8337, 52022, 9937-41 
513397122, 5038,87 22,678,772, 8438,67 2,9903 8,57 23,138, 47/23, 35038, 37/23, 51038, 26 
40539,84% 3, 039,74 3,1739, 64,3, 35/39, 633, 5039-4512 3o69 39,330 3,8639224, 6439,11 
47/0, 703, 5040, 60 3, 6840, 50]: 3,890, 304, 01040, 2924, 2.10, 184, 3840, 0824, 56 39,96 al ge 9 
1,5724, 041, 474, 18½ 1, 36 24, 36%. 2 84,52 41,1424, 7241 · 0424, 90040, 93 25, 08040, 8 11255204 '©0193 
40442, 4324, 50 $2533124z09142,22124,80]42,1142 5,02 425 C 25524041,890z 5,424,782 6,63 41,660 5,7 0 109194 
53433925:00043,16125,19}4 3, 08a 5, 3642.97 5, 5642.86 547 54247 5/2 5,94[42 46426, 12H27 52/26,3 110995 


51144,16 2 39 30144,06 2556943, 4½ 58 43, 83 26,094 3,72126,27:4.3,00[26,46}43,48126,65143»37 26,3415 nn p 
55,03 6, 044, 925, 2004, 5 1½ b, 3944, 69/6, £9144, 57/6, 7 44, 46026, 98044. 34/27, 1744522271305" 12 
53559026, 04 5, 786, 704 5, 67/26 904 5,55%, 1004 544512 7, 204 5, 31027, 5045. 1927, 6904 5,0%), ö 


547% 7s, zc, 53 7 4½6,4½½, 746,202, 0 4 17]28,01140,04|2",22145192 28,1% 4 


55 75632950047, 5 27,7147, 39 27,927, 2728, 124, 148, 32047, 02028, f 3046, 9028, 746,77 2859455 115199 
56:45, 59,23,00'43,35 28,2148, 25 28.428, 1228, 6; 48, c 28,85 47,88 29,0 57,7529, 2647,62 29,477 PR he 
(57149+3628, 50/49,2: :8,72þ19912 28,938,989, 141{48,85/29, 3514847 3]29, 57]48,60/29,79 18,47 Un e 
$9]$9-2329-09150, 10:9:22]49-981:9-44[49,$4/29,65/149-7 1/29+86} 1, 59139,09142 $6130, 311499 e, 
5951,10 29, 50050, 979, 72056, 842,9 550,703, 1650, 57 30, 38050, 4430, 61050, 3130, 8 3050.7 7]3 110459 we wh 
60:51:96 751,833, 351, 70030 a1; 1956130 6851, 13!32.92]51,29]3 1.1305 1,16]31,3 505 1:02131157 — 2 


—— — 
— pre ER 


Dep. | Lats j Dep. Lat. Dep. Lat. Dep.“ Lat. Dep. Lit. Dep. | Lat Dep. Lat. Dep. Lat. 
o Min, [45 Min. 30 Min. | 15 Min, o Min. || 45 Min, — Min. 4 15 Min. 


bo Deg. 


Dur pid 
Ssuv pid 


59 Degrees 7,661 -- 6 Degree 1,69 


DIUCAJICT 


| Lats 


$2138,00 


95 


TRAVERSE TABLE, 67. 


30 Degrees 


| ——_ 


— CD De 


- 0 —— 


Pep. Lat. 


30,50) 52,69 
31,0 53556 


3155 

32,00 
32,50 
33,00 
33250 
34400 
34550 
135900 


357550 
36,00 
36,50 
37,00 
37750 


— 


33,50 
39,50 


39500 


1 Min. 


5442 
55729 
56,15 
57701 
57788 


59561 
90547 


01,33 


03,92 


69,11 


| $1 70,1 5140, 50 


$217 1,01 


| 35 73,61 


8074,48 43, 00 
37% 5,3443, 50 


3876, 21 


| | $9 77,08 445 50 
23222224289 


91 78, 81 
9279,67 


93 $0, 54/40, 50 
47500081 


; 9413 1,41 
9582,27 
90053, 14 
| 97/3400 
i 9594487 


100086, 60 60 


101 87,47 
1028,33 
$103 89,20 
No- 9007 
1990,93 
| odge 1580 
1107 92,66 


1080 3,53 


1094.4 
NN 5526 


111]96,13/55»50 


111240 96,99 


11397, 80 
1498,73 
11599, 59 
1100100, 5 
117]101,3 
11Y102,2 
12 403,1 


83 1,88 41,50 
8. 2,75 2500 


| 99] 5,7449, 50 


40.00. 
. 


md broth 


41,00 


42,50 


44.00 
500 


58, 7434,26 


62,20 36,27 
63:06 36,78 


Dep. 


30 Min. 2 45 Min. 0 Min- 


15 Min. | 30 Min. | 


45 Min. 


Dur ig 


Lat. 


Dep. | Lat. | Dep || Lat. | Dep. 


Lac. 


Dep. | Lat. 


Dep.] Lat. 


Dep. ] 


30,73 
31523 
31774 
32,24 
32,75 
33725 
33375 


34»76 
35,20 


52,56 
537423 
54428 
55515 
56,01 
56,87 
57273 
58,59 
59,406 
00,31 


32,48 
32,99 


34,01 
34752 
35502 


33, 5056,72 


3575 3000, 16 


30,96152,42/31,19 
1547 53.43 31,7 
31,98|54, 14/3242] 


55500 32572 
55586 33,23 
3357 

34725 


57:58 
59,30 35,28 


35577 


61,18 


377528 


64, 7937,78 
05,65 
66, 5238 
67,38 
68,24 39,8 


64,62 


38, 29ſ6 5,49 
38,7966, 35 
395,30 774103955 


62,04 
62, 90 
63,76 


36,04 


37505 
377.50 
38,07 
38, 5 806 
39,0866, 1739, 7 
9 


5731 38,8 


70, 83 


73743 


45,50 
46,00 
47550 
48, 50 


40,00 


74729 
7521514383 


76,02;44,3 3 


69,9740, 81 


41,31 


71,7041, 81 
72, 56 


4253207 
42,8217 3,24 4371 
43,32 74,1043,65 73,9143,97 
74.9644, 10074, 77 


48,0082 


76,88 4484 
228224 


69,7941 


777555, 45-6 


78,6145, 84 


i 


79.47 46, 35 


52047535 
82,0747, 86 
9348, 36 
$3279 48,87 


80, 3446.8 508 


290 


80200 
50550 
51,00 
Sl, 50 
52500 


52550 


35.5858 
6,38 50,38 


4-66 49,37 8 


85,2950, 25 
86,1 6 50575 


75,6547,6½,47 


75,83. 44-67 75,62 


78,41 6,19 78,21 
barer 79,06 47,04 
47555 

80, 7848, 06 

148,57 
49,08 


49,59 
50, 10 


69,61 41,41 


58,44 34,7658, 29 35,02 


40, 90068 


41,92 


52,29 31,42 
5371431,93 
54,00 32345 
54,86 32,96 
55,71033,48 
56,57 33-99 
57243 34,51 


5951435554 


52,15 
3300 
53,96 
54571 
5057 
56,42 
57728 
58,13 
58,99 
59,34 


32; 

32,92 
7033 

33790 
8034,49 
k 5135201 
5135255 
36,06 
36,57 


31,8751, 87 


52572 
53557 
54542 
55527 


56,12 


55,97 
57782 
58,67 
59752 


32,1 

32,02 
33515 
33,68 
34,20 
34573 
35925 
35778 
36,31 


— 


27 8 


69 


36, 83 7 


61,04 36, 0 30060, 86 36, 5760, 70 
36, 54061, 88 36, 8161,72 37,0861, 5 
62,74 37,3262, 5737560 62,41 
63,59 37,83 63,42 38, 11063, 20 
64˙45 38,3464, 28 38,3064, 12 
39,1464,97 
39,0665, 83 
67,03 39,8866, 8640, 17 
68,7 40 67,8940, 39 
40, 30068, 93 40, 60068, 7 5 


65,13 
65,99 


67,70 40,69 
57 4220 


3924 

39795 
655,68 40,47 
67,54 40,9 
68,3941, 50 


36,8 3160, 5437,09 
37,3561, 39 
378762, 24 
38, 39063, 10 
38, 91ſ63, 9 539,19 


38,14 
38,67 


458239, 71 
65,6640, 23 


60,37 


37,5206 1,22 


62, 7 


63,77 
64,62 
65747 


66, 5 40,76 
67,3641,28 


69,4341, 72 
70,Ü 2942,23 


7 1,33 42444 


76,69 4551) 70,48 45,50 
922˙25 40,02 


42,95 
73,0543, 40 


44,48 
44799 


715 14 2375 
72,00 43,26 
72,86 43,78 
73572 44,29 
74,57 44,81 
75443 45132 
76, 2945,84 
72144˙35 


85,08 50,61 


46,53 


85,9451, 13 


2.02 


69,25 
7⁰, 1042, 54 
70,96 3500 
7¹, 8143,38 
72, 67 4410 
73,52 44, 2 
74, 38 457137 


2584 


75723 


76-94 


45765 


76, 946, 17 
46, 69 


69,0642, 32 
69,9242, 85 
70,7743,37 
71,624 3,89 
7244 «ay 
7373344794 

74,184 5,40% 
7 5:93j4598 


717 


37789 
33,41 


39940 
39-99 
40,52 


66, 32 41,94 


41,57 


68,2141, 8 68,03 42710 10 


75789 
70,74 


40,51 
47202 


8,88 425,62 $1 


9757343,15 
70, 5843,67 

71,43 447 
72,28 44275 
73713 45725 


3-95 £5972 
4 + 40,3 
75,684 6,83 
76,3347»36 


78,00 46,87 
78,86 47,35 
79,72 47790 
80, 57 43,41 
$1,43/45,92 


83.14 49,96 


82,2949,44 


84, 0050,47 
84, 86 50,99 
8 822 


87,25 50,88 
88, 1151,38 
88,98 515 89 
89,84 52,39 
90,7052, 90 


33,00 
33.50 


917,57 53240 
92743 53790 


54,00 
54,50! 
$5900 
55750 
56,00 
56, co 
57,0 
57750 
53,00 
53,50 
59,00 
539,50 


120 19430 
| 8 Dep. Dep. 


8 0 Min. o Min. | 
' 80 Des. Deg.! 


aa 


60,00 
Lat. 


93,30 54341 


$7,02 
87,89{51577 
88,75 
89,61 
90,47! 
91,33 53:80 
92,20 543! 
93,00 54582 


94,16 


54591 


95902 8824ʃ1 


9379235533 
94,78 $5903 


9589, 55) 92 
96,75 50,42 
97501 56,93 
9 8,48 57543 
99,34 57793 
100, 2 53,44 
101, 1 58,94 
101,9 59,45 
102,8 59,95 
10327 60,45 


96, 50 56,8 


98,2 2357586 
99,09 58,37 
99,95 88,85 
100, 859,38 
101,7 59,89 
102, 560, 40 
103, 4 60, 90 


975366 57,3597711 


51,2608 6, 80 5 1,4 


877,066.52, 15 


91,09/54319 
91,95 $4371 
92,8152 
93.788,75 
9483 56,24 


86,57 


229 53505 
89,1453, 
90,00 54,0 

90, 86 54,59 
91,72 55˙11 
92,57 55162 
93743 56,14 
94,29 56,65 


9564 5653409 5,39 55,75 


6,2557720 
57277 
97:97 587.9 
is 8583 53,80 
99,69 59,31 
10055 59,82 
101,460, 33 
102,3 60,84 
103,161,35 


95,15 57518 
96,00, 57508 
96,86 55, 20 
(97972 38,71 

98,5759,23 


9974359574 
100, 300, 20 


101,1/00,7; 
102,0 61,29 
102,9 61,80 


79,51 


80, 36 


831,22 
82,07 
82,93 
83,78 


84,6451, 36 
$1950, 85,49 


7758047, 21 
78,6847,73 


50,8 


77259 


48, 2479,30 
48,706080, 15 
49,2888 1,01 
49,808 1, 86 
50, 32[32,71 


78,44 


33357 


84.42 


47755 
48,07 
48,59 
49312 
49,04 
50,10 
50,69 


77738 47,88 
78,23 48 »+ 
79,08, 48,9 
90,78 49,99 
81,63 50, 52 
82,48 51, o4 


51,21 


5158808 5,26 


„ 


51,73 
52225 


88,06, 
88591 
89.77 
90,02 
91,48 


92533, 


52302 $6,35'52 —— — 
8 52 3.8 2052,91 
885523276 ont eo 52% 8 % 
52,79 89,38 $3917 
$3329 90,45 53568 


5343 
53795 
$4247 
19499 
555525 
56,036 


86,97 
87,82 


52577 


53782 


92,09 


88,68 54,3 
39,53 
90,39 

1,23 Tn 91 


54,07 
55739 


5 0,43 


533c[86 


93•19 50,55 
94,04. 57,09 


92,94 590.90 


9357857547 


84,18 52,09 
85,03 $5202 
8588 3371 

6,73 53567 
37758 54,20 


90,12 55778 
90, 98 56,30 
91,83 50,83 
92,68 57,35 
93354 57788 


94 89 37558 


96, 6058,62 
97546059,14 
98,3159, 66 
99,1760, 18 
100, O 60,70 
100,8 61,22 


101,7161,74 
102, 662,25 


Dep. | Lat. 


Nome Lat. 


Dep. Lat. 


45 M 1 In. 


30 Min. 


15 Min. 


| Dep. Lat. 
|| © Min. 


Dep. Lat. 


94,64 


3575, 58,1095,50 58,52 


90,35 
{opt 
98 505 
98,91 
99,76 
100, 6 
101,5 
10253 


Dep. 


585 OC 


59504 


59557 
60,09 


60,61 
61,14 


94,39 58,41 
95,2458,93 
96,09 159,40 
96,94 59,99 
97,79 5,51 
93,64 01,04 
99,49 61,5 


61,60 
62,10 
62,70 


Lats 


100, 362, 0g 
101,2 62,62 
10210 63,14 


Dep. Lat. 


45 Min. 


30 Min. 15 Min. 


4 


recs 


1,66 g 


— ——————_— 


58 Degrees 


222ͤ2—ß——2— — — 


88,43 54572 Z 
789,28 55525 ( 


37»36 


62,92 38 »94] 7 


| 7 


83,33 51,57 98 
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TRAVERSE TABLE, 67. 


— 
ay "BT 
«0 


| 8 
5 — 2 — — = 4 :; 
ES 32 Degrees ,02 Th 33 Degrees — E 
ee en ja ul 57 
2 Lat. Dep. | Lat. | Dep. | Lat. Dep. Lat. | Dep. ; Lat. Dep. Lat. | Dep. Lat. | Dep. | Lat, Oep. c a 
| I 0,85 07553 0,85 0,53] 0,84 o, 54 0, 84 5787 o, 84 0554 o, 84 o, 55 o, 83 0,55 0,83 9,56] 1 5314 
| 2 1,70 10% 1,69 1,07] 1, 69 1,07 1,68 1, 08 1,68] 1,09] 1,67 1, 10 1,67] 1,10] 1,66 1,110 2 154,2 
in 3] 2354; 152 2554 1560 2,53 1,61 2,52 1,62 2 2,52 1,63 2,51 1,64 2,50 1,66 2,49 1,6 5155» 1: 
F 4 3,39 6% 3538/23 3,37 2,75 3,36 2,16 3,35 2,18 3,34 2,19 3,34 2,21 3,35] 22 559 
5 4,24 2,65 423 2,67 4, 22 69 4,20 2779 4,19 2,72 4, 18 2,74 4417] 2, 76 4,160 2, 5658 
| 6} 5,09 3518 5507 3,20 550% 3,22 555 325 8.03 3527 5, oz 3,29] 5,00 3 4,99 3, 6957, 6 
F of 5294 8,7 731 229% 3978] 5•89 357 5,87) 3281} 5,85] 3,84] 5,84, 3,86 5:82) 3 958,5 
$1 6,78 6277} 4927] 6,7; 4530] 6,73 4.33 5571 4336} 6,69 4,39] 6,6% 4,42] 6,69 4,4 223 
9 7563 776¹ 559 4,84 7,57 4.87 7555 4,90% 753! 4993] 7,50 4,97 7,48 50d o 60,2 
10 8248 30 8,40 22 5337 8,41 $241) 8,39 5.45 $,36| 5,48 8,34 5552 8.32 10 10 61,0 
| 71] 9,35 9533! 5583 9530 5587 97275701 9525 $595) 9,22 5499 9,20 6,03 9,17 6,07 9,15 6,117; 301,9 
12 10,18 10,15 6,4010, 12 6, 4 5[f0, og 6,49% 20,6 6,54 10,03 6, 58010, 01] 6, 62 9,98! 6,6) 1 162,7 
1311102 10, 99 6,9 10,96 6:96 10,93 7:03/12,90| 7,0810, 87 7,13 10, N40 7,1710, 81 2 5503.6 
1411,87 11,84 7,47 17,81 251,77 257/717, 74/ 3,63 17,71 7,67]121,67| 7,73 11,64 7,781, 18 
15.12, 72 7,9512, 69 8,ooþ12,65 $,00 12,61 8,1112, 588, 17 12, 54 8,2201251 8, 2812,47 8, irs 1 
1613,57 13,53 8, 5413,49 8, 60 13,45 8,65 13,42 8,72 13738 8,77 13,34 8,8 3013, 3 54% 1905651 
1 1442 9,014,380 9,07 ag 9? 3114929) 9719 14,26 9,20] 1421 9532114418; 9,3804, 13 9.491 at 
þ1811 5226} 9,54 15922] 9,6015, 18 9,67 T5614 97375, 10 9,8 375,5 9587/1 5,01 9,93 1259 9,9910 128 
19 16, 1110,0% 16,07; 10, 1 16,02 10, 2101 6,98/10,27115,94. 52 10,4 15,84 10,45 15,8010, 5 tg Iod, 6c 
2016,96 10, 6016,91 10,67]16,87 19,57 10,75þ6 1B2,10,32 16,77 19,39, 16,73/10,97]16,68;11,04 16,63 2 269, 5 
5 1,13½17,617727/7771 11,28 1,55/ 7,367,671 11,44 17,56 T1, 5 I7,5111,59117,46 1 
17,6618, 17, 74018, 55 17,8218, 50 11,9018, 4511,98 18,402,518, 35 12, 14028, 29 1 
12,19 19,451,719, 40 12,619, 34 12,419,290 12,53 19,23 12,6019, 1812, 69019, 12 12,7 ö 5 % 208 


672597 
773,8 
74,06 
97945 
279133 
W717 
2178,02 
378,87 
19972 
5 0,6 
6 841 
782,26 
983,11 
963,90 
8780 


12,72 0, 3012, 81 20,24 12,90 20,18 12,98120,13 I 3,07; 3 3516020, 01 13,2 5019,95 11 J 
13,2 5/21, 1413, 34% 1,08 13,44 1, 0313,52 20.97/13, 6220, 9113,71 20, 8 513, 80020, 78 13,895 
13,78 21,99 13,882 1,93 73 329712 1,87 14,061,817 14,16 21,7414, 2 $[21,68/14,35[21,62 14545 10 
1431 22,34 14341 2237714151 22,01 1471 [22205 14,71 22,58 14, 80 z2, 5 1490 22,451 5,0 27 
14, 84 23,68 1459442 3,02 15,05 23,45 15715 23748 1525023, 41½15,35½ 3,351 5, 45% 3,28 15,5628 
15,374, 53 1548 244501558 24,39 15,69 24, 32 15,80 24,25 15,90ʃz4, 1816, 01024, 116,12 20 
25:90, 25337 16,01 25230 16,12 —. 8.523 25516 153425709 16,45 2 5,02 16,56 24794 16,67 . 
16,4; 26, 22 16,54 26, 74.716,06 26,07 T6,77 77 20,00 16,88] 2592 7750025, 77, 10 25,78 17,22 1 
16,96, 27,06 17,082 25 17310 26,91, 17,31 26 8474 26,7617, 5426, 68 17,562 6,617,032 
12,49 27,9117,61½z7, 8317, 7327, 75 17,85 275,8 1377 27,6018, 0927, 5218, 17,4418, 3433 
18,0228, 7618, 14 28,6718, 2742 28, 59 18, 39 28,5218 28,4318, 6428, 35 18, 7728,25 18,89 
8 18,5 529, 6018,68 29,5218, 86 29,4418, 93 29535010, 6 29,279,199, 1919, 3229, 1019,45 
19, 0830, 45 19, 21030, 36 19,34 35,28019,47 30,19 19,6130, 1019, 7430, 0219, 87 29,9 3/20, ocz 
8 [9,61131,29 I9,75 31,20 19,88 31,12 20, o· 31, 0320, 15 305, 94 20, 2830, 8 5 20, 42 30, 7620, 56 
20,1432, 14 20,28 228570540 31,96, 20,50 131, 87 20,70 31,78 20,8303 1,6920, 97 31,592 1,12 


3933070, 6732,99 20, 81032, 892 20,95 52,80% 1,10 32,71 217,24 32,61 2138032, 5221, 53032, 4221,67 5565 
4013 392 21,20 33.8321, 34 33179; 2 21.49 33842164 33.85 21,79 3345 2193j33,30/22408[3 3, 262 2, 22040 55 
4183477 34771, 7334,71, 88 34555 22,03 34,48 22518 347392, 33 34,2922, 48 34,19 ang 34909/22,784; 1 W 

14.213 5,02 22,20435,52 22,4103 5,4222, 573 5,322 22, 723523 22558035, 12 23,0335, 0202 3, 1834,92 23, 344 jo 0 
J +336:47/22,79/36,37/22-95]3026/23,10136,10 23,26 36,06/23.42 35-9023: 53 5:86123-7313 578258 % 2535 
(44137531 23,3237, 2123, 4837,11 237564 37,013, 8036, 90 23,9736, 80024, 12036, 6924, 29 30, 58 24,404 CO 
» [+5135 19/23,85 38,06[24,01137595'24,18 37555124434" 37,74 249 51h37+03]24967137, 5 324984137,41/25,005 $91,59 
- [4$39-21124,38138,90/24,55138,79 24,7 113>69|24,88' 38,58 250 638,47 25,2238, 36.2 5, 39038, 2825, 6 092,44 
 1}7]Þ9-36[24,91139,75|25,08[39,0 425,25 75302 5,43 39,42 25-99, r 39,19 25,9439,08 26,12 7 093,29 

48 40,7112 5, 44 40, 6002 5, 62 40,48 25,79 70,375,974, 2626, 5 40,14 732440, 3026.4 39,9126, 67 48 . 


19773 
204,98 
395-83 
406, 65 
0 7253 


908, 37 


4941,55 5,97 41,44 26,15141,32/26, 23241, 21 26,51 41,1526, 69 40,98 26,8640, 86027, o 0,7427, 2 9 
3042-40 26,502, 29 26,68] 42317 26, 86 26,86{42,0 5/2705 41593127,27 141,81 2774041, 69 22760117577, 78 50 
5443, 252,343, 13 27, 21 28% c 3927, 59 27759 42,77 2,77 22, 9042, 6527, 9642,52 28,1445 28, 34j51 
32H44, 10 27, 5643,98 27757543786 277,943,728, 13 43˙61 28,34 43,49 28,5 143,36 — 92 589 52 


(534-95 28,09 44,8228, 2844, 70 28, 4844, 37 28,67 445 28,89 44732 29,0644. 20 29, 2544, 7 29, 45,531 
547579,8,62 45,67 28, 82 +555429,01 +534 29,2104 27 2 4510 29,5145, 329, 8044, 90,30, oc 
55149,04/29, 15146, 52 29, 35046, 3829, 5 45, 26 2975.40, 1329,98 (45:99 30» 151+5,86(30, 3645,73 30, 555 


oo, 1. 
5047, 40%%9, 6847, 3629, 8847,23 35,9% 71035.29f46 9730, 5246, 83030, 7046, 70 30,9146, 56/31,1:756 jo 
57½8,3430, 27046, 2130, 4248, o) 30, 62 427594 3,84 47,8130 47,731,247, 5331,46 4739131967157 101,8 
5549,19 30, 7449, 05030, 9 58,9131, 1643,78 31,38 48,531,648, 5003 7,8048, 35 32,0148,22 32723058 Der | 
5950,03 3,2749, 90 754495 31,70149,62 31,92 49,8 2516049,3432,3 49, 2032, 5649, 05 32,78 — 
62208224 . 2832524 $2:49/3246' S 32768 5991 *132+90159,03/33-12149,8g 22225 KEW 
S Dep. { Lat. Dep. | Lat. | Dep. Lai. Dep 1. L. ; Dep. Lat. Dep. Tat. Dep. | Lat, Lit. | Dep. | Lit. |S 58 L 
5 o Min. 45 Min. 30 Min. © 125 15 Min. © "WM © ——— | 45 25 Min. | 30 Min. 15 Min WH | 
* 


58 Deg. 57 Degrees 1,54] 6 Degrees adj 


— oy 562 4 5 Degrees | 565 
Min. | 15 Min. | 3o Min. | 45 Min. © Min. |. 15 Min. | 3o Min. | 45 . 
Ta . Lat. | Bep. Tat. Dep. | Lat. Dep. Lat. Dep. Lat [Dep-[Lar- [D Dep. | Late 


7733773207159 32,5574 32, 7751,30 33,0015 131613 3,220 51,01 33.6750, 72 
52,58 32,85 52,44 33,0852, 2933, 31052, 143 3,5452, 0033,77 51,85 34»22]51,55 
5342/33» 38{|53,2813 3,6253, 1313385 52-98 34,08] 52384134,32152,08!3 34,7752, 38 
64,27 33,9 054, 13034, 7853,97 34,395 3,8 34,625 3,6834, 865,525, 3533253,21 
355,12 34, 4454,97 34,6954, 82 34, 9254,67 35, 16154451 3554036 35,6354, 20035, 8854, og 36 
55973497 55,8203 5,255,663 5,46 86.7J6•75 5523513595} 55-19;30 36,4 3]54,87 
50, 81035, 5056,67 35, 7556, 5003 5,9956, 3 536,2 556, 1936, 30 56,03 36,9805 5,71 
$1.66 36,0359, 5 1036, 2957, 3536, 53057, 1936, 7957, 03037, 0456, 80 37,5356, 54 | 
958,51 36,56 58,36,36,82138,19137,07158,03137- 33157557157» 58157476 35,08157,37133»34] 69 U 
42307552 7-09\£9,20137,35[59+©4[37,61153,$7]37,87153471133, 1258,54 38 35,64158,2038,89] 70 
60,21 37762 60,05 37,809.59, 88 38, 15159,71138,41159,55]38,07] 50,28 39919159,03/39,45] 71 
61,0638,1 560,89 38,42 60,72 33, 68 60, 5 538,9 5/60, 38039, 2160,21 39,7459, 8740, 00 72 
6 385 68/61,74 33,95|61,57139,22]61,4039,49161,22[39,76161,05 40,29160,70/40, 560 73 
5462,7639,21 62,58 39,49 62, 41/39, 7662, 2440, 03062, 004, 30 3 88 | 
62609,74 62,4340, 02053, 25 40, 3003, o8 40, 5762, 9040, 8 562, 72 4745 75 
ae ere. 5664,09 40,803,924, 11063, 7447,43, 5% 1,676,384 7,9 553,1 1942,23 76 
7 55˙ 30,8065, 1241,09 ears 64,764, 6564, 584 1,9464, 39 64, 2142, 50 64,02/42,78 = 
1956.154733 65,97 41,62 65,78 7,91 65,0 2 20065, 42 2,4865, 234 © 5504-43305 64,85 

67.00/41, 666,8 114.2, 1666, 6242, 4466, 4442,74 66,2614.3,03456,06 88. | 
10780 4422 67,66 42,69 67,47 42,98 57,2843, 2867.09 43.5767, 9043, S666, 7 144, 1 566, 52 44, 45 80 


165569 42,92 63,50 43,22 68,3143, 52]08,12/43,$2167,93{44,12 67,7444, 4107.54 Ae, 81 
7 69 80434 69,35 43,7669, 1644, 0658, 9644, 3668,77 44,6 68,57 44, 96fe 8, 38 4 5,20 | 
, 39 43,9870, 2044, 2970, 0044, 59199, 8 144, 9069, 6104 5, 21069,4145,51 59,14 883 69,0146, 110 83 
471 124144451 71, 444, 8270, 8445, 131700 5/45:44179:45145,7 5170,25,46,05]7205; 46, 3659,84 46,6 84 
708 45,041,894 5, 3617 1,69 45,67 71,45145,98|71,29'4.6,30 2 „6070, 88 6,91 70, 6747, 230 85 
072,93 45,5772, 74 45,8972, 5346, 172,33 40,5272, 1246, 847 1,9247, 157137 16747 71,5049, 780 88 
1037540, 1017 3-53 46,4317 3-37) 6, 74%3, 1847, 6%, 9647, 391727 $4747 7017245514 $,02172,34\48,34] 87 
65 46,63 74,43 46,96% 4.210, 4,024, 1 3, 80,9 7375948, 290 3388,57 31 748,89 88 
9948 47,10% 57 47, 49 5,6%, 8 ½4, 8048, 15 74,6448, 48 74,4348, 79% 4,22 49, 1273,99 49,45 
76247569 76,12/48,02 7 5:90k8, 2617 5+09148,0917 5143149,927 5327.49, 3517 5595 49407174485150,0c 
748,2 76,95 48,36176,75/48, 89176, 53 49,2376, 3249,56 76, 10 49,89, 588 5,2 5,66 50, 56097 
278 0243475 7736 49, 09,519,437, 3849, 7772, 16050, 1176, 94,50, 44% 6,7250, 78½b, 49 51, 11 | 
1 8749,28 1 549,63 78, 43 40,9778, 2450, 2178, 0050, 657, 77,50, 997 7:5 551, 3267,3351,67 
797240,8 9,40 50, 169,285, 5079, 06 50, 8 578, 845 1, 2078, 61057, 578, 395 158178, 18 52, 22 
Po, 56 50,4 80,3 5 50769 80, 1251,04 79,90 51,399,671, 749,45 52, og 5543 79,0152, 78 9 5 
681,41 50,87 $1,19,51,23 80, 965 1, 88880, 7451, 93080, 5152,29 80, 2852 „6380, 0552, 9979, 84 53, 34 96 
1332,26j51,4 52,04 51, 70815 8152, 1281,58 52, 47 81935152453 Sn, 212(53Þ16 28915 325480, 6753, 89 97 
83,11 51,9352, 88 52, 3082, 65 52, 62, 42 5,0182, 19053, 38 3525 $3973 81,72 409,81, 50 54,450 98 
93,9652, 40 53,73 52,82 3.4953, 19 3,2653, 56 83565 7492182 70 545 8882, 5654, 6482, 335 5, 0 99 
8580 52599 — $3-36]54-34|53>73]Þ4+10 8491838754483, 3 54,8 832981983, 15 55 56100 


9559537528 545358985578 54527 4,9 454,648,715 550184, 55, 3884,22 58˙7584056,110791 
50,504, 5 86,2605 54,4386, 0254, 8c 5,795 5518 85,54 5888883559 $5,00;59,3 84,83 56,67 
57.35854,58 87,1754, 9686,87 55,3 8b, 6 355,72 80, 3856, 1086.14 56,4708 5,89 56,8 585,60/ 57525 
20% 5,1 187,96 55249! 7370155988 87:47 56, 687,22 56,6486, 07 57702 86,7257 40 86,40 5778 104 
; 90405564 98, 80 56, o3ſ88, 556,4 88, 31056, 80088, 0657, 19,87, 86 57, 55,87, 567,9 587, 3458, 34 oz 
bf 9539 55, 1789,65 56, 56[89,4<j56,9 [89-1 5157-34 88, 90 5,7 288,64 58, 1288, 3958, 51088.17 38,89 
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37930+5593 38,124,868, 3 14, 70038, 5244, 5 3,9 451 39,1044, 3951905 
+96133,57445179 38:77145163138,97[45,45/39,17] 45:28 39» 56144+94|39>7 6;44,70:399 

Lat. | Dep. | Lat. Dep. I Lat. Dep.] Lat. | Dep. p. Lat. | Dep. | Lat. Dep. | Lt. 
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66,73 3952 1046, 56,39,4 1046,39 
4749,39 $5147» 32140,96}47,15 
4,2640, 50,48, 0810, 748,914, 5,7341, 1342,55 
19034114143, 85/41, 35148, 67 47,78 48,31 
6549579 41,7849 64 049,43 42,43 49,00 
| bf 65,50042,43 50,3742, 64/50, 19 43508 49,8 
6757,32043, 0% 51, 1443, 2950,95 3,550, 7643,74 50, 57 
6852,09 43571051,9943,945171 44239j151432 
62,80 44,3552, 6644, 53152247, 845,04 52,08 845,72051,48 45,6 
* 2 3:4 35 45:69] 52+83/45293 46,38]52.22/46 61 


544394 504115419 17 46, 1153,79 46, 35 53, 59% 46, 58J53, 38040, 8 53,18 47,0 [52,97147,28 * 


40, 4245, 51040, 6 
41,0846, 26 41,29 
[41,7 $]47,0</41,9 
42,4147, 7 [42,62 
43,078, 4943, 28 
4374449, 24439 
44,4049, 99044, 62 
45,0650, 734 5,28 


5551604, 28 54,9 546, 5254,75 46,7654, 5 547,054, 3447, 2541304, 4753,93 47,7 115 3+72147594 
5502 46,925,727, 755,5 147,455, 30047, 6555 1047,8 554.8948, 1354,67 48, 3754, 46048, 
56,09 47,5756, 4847, 81056, 2748, 06056, 0648,35 5⸗8 5 48,555 56448, 795 5,42 49, 0405 5,2 1049,28 
57,404, 210572448, 4657, 0348, 6956, 8248, 9656, 61 49,2056, 39,49, 4505, 1749,70 5,9 5049,94 
58.2248, 8 558, oc 49, 1057, 7949, 3457, 58 49,61 57,36 49, 8657,24 50, 1156, 92 50, 3656,70, 50,51 
58,99 49, 5058,77 49,7 558, 55 49,9958, 34 50, 26 55,12 50, 52057»39150,77157»67|51,02[57,45|5 1,17 
9059,75 50, 1459, 5 380, 40059, 3150, 6459, 09 50, 92 58,87 51,17 58,6451, 43058, 42 51,6958, 1951,84 
60,52 50, 7760, 295 ., 0g060, 075 1, 2959,85 51,7 59,63 59540052, 09059, 1752, 3558, 9452,51 
61,28151,42j61,06\51,69090,83/51,95]00,61152,22|60,38/ 52,49 60, 15 52, 5[99 153,089, 0983,27 
52,0761, 82 61, 59 52, 61061, 3052,87 61, 13 53,1460, 90,53, 41050, 67 53,6760, 43 5794 
52582 52,7 1062,58 62, 35,5 3,2 562, 12 53, 5361,89 53, 8061,65 54, 7b 1, 42 54, 3400 f, 18 54,60 
53»3515 3,35 63,11 53.90 62,88 54,18 62,64 54,45 62,40 54, 7 362, 1055, 00 1,92 55527 
54,0064 7 54,5 63⸗64054,8 3 63,4055, 116 3,1655, 3862,91 55,6662, 6755,93 
54,64%64˙ 87 55520644 55:49, 0415/5557 7093-91 156,04 63,66 56, 33063, 42 56,60 
7885528 686 65,39, 55,8 8855, 15 56, 1464,91 56,424,656, 7064, 4/56, 9964, 1657,27 
6556,92106,40|56,21 56, 59j05,91\56,79;05,65'57,08005,41157,301Þ5,16|57,65164 91157,93 
56,5757, 16 66,9 57, 1 866, 57 57, 45 65,42 57, 7 3600; 1658, 526,9 158.3 155,558, 80 88 
9966, 8 5721.9 67,67 57, 806, 43 58, 1067, 17 58, 396,92 58,666, 658,866, 40 59,26] 89 
908,94 57.8 68.59 2.4 8874248 88.259 592282 8923424. 159641671 5159.93] go} 
9159, 7158, 496945058, 80069, 1959, 10,68, 94 59, 4068,68 59, 7068, 42 60, 0068, 16 60, 30 8 
69,96 59,7 59, 70 $0,05 69:43 60,36 69, 17 60, 66068, 90 
9470, 72 60, 40%, 46 6,7 170,19 1,51 69,92 61,3269, 65 
71,4861, 05), 2006 1, 3670, 9461, 6770, 6761, 9870,40 
„261,707 f, 96 62,010½,78 62,33 1,4362, 6471, 15 
62, 3572,72 62,67j72245 62,9872, 18 63, 307 1,90 
73,7663, oc) 3, 48 63, 3273,26 63, 9672,65 64,2872,37 
63,3274, 52 63,6 74,2463, 9773,96 64,6 73,4064, 9473,11 


60, 60 
61,26 


61,93 


E 4 63,9717 5-23(64,29174,99(64,63-174,72 64, 9574, 43665, 774, 1565, 60% 3,85 
10 658006 64,6 1076,04 64,95 75766 5,28 78747 65,51 75718 65,9474 9066, 2674,61 
101 77,3764, 92 955, 2676, 8006 5, 59 76, 5285,93 76,23 66,26 75494 66, 597 5565 66,9375735 
10278, 1465, 5777,85, 90077, 5666, 2407, 2766, 58.76, 98 66,9276, 6967, 2576,39 67,5976 106 


78, 3266, 8978, 03 67,24 7757467, 57 7754467591744 8,2576, 84 
79, 9,67, 5478, 796, 89 78,4968, 2378, 1968,57 2,8968, 927,59 

68, 1979, 5568, 54 79,2568, 8878, 9469, 230 8,64 69, 5878, 33 
68, 84 5, 3169, 10 80, oo 69, 549,709, 8979,39 70, 249,08 
569, 4908 1, 069,8 5 80, 7670, 20080, 45 70, 55080, 1470, 9 79,83 

0, 1408 1,82 70, 5081, 5170, 8 58 1,201, 2179,89 725570557 
970, 9882, 5874, 15 92,26 71,51 3159571, 878 1,6472, 238 1,3272, 58 109 
671,448 3.33 71,8083.02 72,1782, 7072, 53 323972, 30.82, 0 723251 


7:,09184,00172,46 FRI Teh 73,1983, 14/7355 82,8173,9101T1 


727484, 8573, 1184, 53 73,4884, 13,8 883, 15 83,5674, 580112 

73-3918 5,673,765 2874, 1484,94, 5 184,474, 8884,35, 113 
7404186, 3774, 4286, o4 74,7918 5.7 175, 1708 5,39% 5,5408 5,0579 JU114 
7 5578788 5 36,79 75. 9B6,40 78,8286, 1476, 208 5, 806, 58]; 15 
74,08, 21 75533187,88 755721157, 55\76,10187,21176,48180,33|76,37186,54\77525] 16; 
89,3017 5,60188,9717 5,98188,04 75,38, 88, 3076, 7618 7,9777, 1487,6377, 5387, 2977.911175 
90, 675.2 3089. 736, 63489, 30 7,389,567, 4288, 72 7,8088, 3878, 19488, 0478, 58018 

90,276,880, 4977, 890, 15 77,681139,81,78,07389,47 78, 46089, 1378, 8688, 7879, 24 
91,59\77»53191»25!77+93,90,91 78, 33.90, 56\78,7 3790,22 79,1289,88 79,5189, 5379, 91120 
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SQ 42 Degrees 290] 43. D<grees 
8 0 Min. (| 15 Min. 30 Min. | 45 Min. iO Min. 15 Min. g 30 ET. 
* | Lat. Dep. Lat. } Dep. | Lai. Dep. Lat. Lat. Lat. | Dep. Lat.] Dep. | La |: I} 
I; 0,74} 0, 67 0,74' 0,67] 0,74 mou 0,73; O, 68 0973! o, 68 0, 73 0,68] 0, 50 0,74 To 
2] 1,49 1,34 1,43| 1,34] 1,47} 1,35] 1,47 1,360 1, 46 1,36} 1,46 1,3] 1,4 | 1,38] 1,44 2 
3] 2,23] 2,07 2, 22 2,02] 2, 21] 2,03] 2,20 2, 04] 2,19; 2, 05 2518 2,6] 2,1% 2,06 2,17 $3140, 
2,97] 2,68 2,96 2,69] 2,95 2,7] 2,94 2,710 2,92 2,721 2297 2,74] 2,90 2,75 2,9 4p 
53,72 3.350 3»79| 3,36 3:69! 3538] 3071 3,39% 3,60 3,4 3,64 3243] 3,05 33444 3.61 - 
4:49} 4, i} 4,44 439; +42} 4305} 4541; 4,0% 4239; 4.09 4737 4311] 4535| 413 4433 Her, 
7] 5220; 4,68 5, 18 4,71 5,16 43753] 5,14 4,75] 5312; 4,77 5710 4,80] $505} 4382] 5, 06 1943-4 
8 5594 5535/0 5792 5, 38] 5,900 5:40 5587 5743 5585 5546 5; 85 5348} 5580 55511 5,78 09, 
gl 6,69 6, 2 5,66 6.05 6,6 6,08} 6,61 „71 6,58 6514 5,55 6,17 6,53] 6,19 6,50 o 
x0 7243 6569 7:49! 6,72] 7937; 6:70 713%: 6.7 7,31 6,82 720 6,85] 7:25 6,88 7,22 10 405 
| 11] 8,17 7,36 8,14 7,40] 8, 11 7,43] 3, 08 7, 47 8, 4 7,50 8,01 7,54 7,98 7357] 7,95 1 605 
1 12 8,92 8,03 8,88 8,07] 8,85 8, 11 8,818, 15 8,78 8,18 8,74 8,22] 8, 70 8, 20 8,67 . 
5 13] 9,66} 8,70 9,62 8, 74 9,58} 8,78 9,55 8, 82 9,51 8,87 9,47 8,91 9,430 8,95] 9,39 Ty: 
. 1410, 400 9,37 10, 36 954118932 974610, 28 9550/10, 2 95550120 9,59 n 9,6410, 11 ge 
1511,15 1,0411, 10010, 08 1,0610, 1301 1,0110, 18 10,97 10,23 10,92 10, 2810, 8810, 32 10,83 47 
16ʃ117,89 1,71 11,8410, 701,790, 8171, 75/10, 80 11,70010,910 11,65 10,96Þ1 1,60 1150101156 | 
2212,63 11,3712, 5811 1,45112,55|11:4912448|11,54j\22,43'11,59! 12,39/11,6512, 33011, 702,28 | 
10535 12, 0413,32 12,1013, 2712, 6% 3322 12, 2213,16 12,28013721 12,3313, 05/12, 391 3, co | 
! 19 14,12 12,7 14,0612, 7714, 0112, 841 3,9612, 90/13, 89 12,96 13784 1350213, 78 
| 214286 14758613738 2811428913, 48(142¼ 3844691375800 14,63 13,64 148732214781 
E 2175,01 14,0515, 54/14, 1215,48 14, 19/1 5, 42 14,2 50 15,3614, 3215,2914,39J1 5,23 | 
5 2216,25 1472/16, 28 14,7916, 14, 80/6, 154,93 16, 09 1 5,00! 16, 0215, 021 5,96 — 
; 2317,09;15939|17-02|15,4t[16,90|15,54426,89i15,64](16,82]15,69| 16,75/15,76116,68| 1 
| 2412,83 16,062,766, 131, 7916,22, 62 16, 29/1, 55116437, 17245|10,44[17,41,16, 3217,33 
| 2518,58 16,7318, 50016, 808,436, 18,36 16,97 18,28 17,05018, 2117,13 18,7371 18,06 0 
; 26019, 317,219,247, 4719,17 17,5719, 09 176 19,011, 73018,9417,8 118,86 I7,89118,77 4 
a 2720, 06 18, 0719, 9818, 1; 19,9018, 24ſ19,82 18,33 19,7418, 41 19,66 15255 19 58 18, 5819,50 - 
28120, 81 18,7320, 72018, 8220, 64 18, 92020, 5619,01 20,4719, 1002039 19,1820, 3 19,2 7]20,22 on 
(29j21,55|19549 21,4619, 4921, 38019, 60 2919,69 21,21 19978121» 12/ 19937 21,03'19,96[20,94] 53 
3922,29 22892 ½22721½20,17z212 205,27 z 2,0320, 36 (21294 20,46 21S: 20,55 21,76 20, 65 21567 bh 
31 23,04 20,742, 95 20, 842,8 5 20,942 2,76 21, 0422,67 21,14 22,58 2172422, 49 21,342, 39 $60; 
(32]2 3,78 21,41 3,6902 1, 5 23,5% 1,62“ 3, 501,72 23, 402 1, 82 23,3021, 92123, 21 22,031; 3, 11 - 
33124, 52422,08112443[22,16]24233|2233<24423|22340|[24.,13;22,51|,24202]22,01J23,94/22,7102.3,84 | 
3402 5, 27 22, 75 5, 1722, 860 5,07 22,96 2593,55 24,86 23,19 24,75 23, 2924,60 2.3240 24,56 
(35;20,011233421j25,91|2 3,53 2 5480,2. 23,6442 5,70,23,7t 2 5560 23,87 2549 23,9802 5,39 24509 25,28 
3626,75 24, 26,65 24,2065 24,3 0,43 24,44 26,32 24,55 20,21 24, 6626,17 1024, 780 0,00 
3712749,24+79127, 39 24, 870725 24, 99%½7717 25,122,005, 3 6.95535 6584 25, 476,73 64 
| 3802 8,24 25, 43 28,132 5585 28,0112 5,07 27,90, 257927,79 25. 92 27,6626, 03 27756026, 16 27,4 64 
| 3928.98 26,0928, 87 726,228,752, 3428,64 26,47 1 26, bo! 28,39 26,72428, - -9.26 '$4123;18 : 
| 29 429.73 26, 22975426 — 2.2 . 22228225 527.28 28 29.127,41 9.01 27,53 28,89 7: 
1 41 30,77 27,43 30, 3 527, 5713942 5 27770 30,1127 27,83 29,98 27,96 96 29,80 23,09 29,74.28,22129,62 3166 
| 42 31,2128, 10 31,09 23,24 30,96 28,38 30, 84 28,51 14 30. 72 28 64. 30,59 28,78 30,4ti28,91 30,34 67 
{43]31.95/28477[31,83 28,91 31, 6g! 2985 3,57 29919 3,49 29,33 31,32 29,4631, 19,29, 0003 1, 06 F. 
| 44132+72129:44132»57129, 5132-43 2957 3]32»31 29,87 32,18 30,0. 32, 05 30, 18831, 913,293 1,78 5469 
| 45 33-44 30,10033,31 39,25 33,17 30,40 33» 24. 30,55 32,91 30, 69 32577 305,83 32,0. 30,9) 32,50 6 
1 4.834,18 30977 34251399 3}3 3»9©} 3150833,78 31,2333, 64 31937 33»5* 31352133» 36,31,66133,25 lc 
| 47134193 312443497913 1, 6034,64 31, 764,51 31,9034, 37 32,05 34532, 0034.09 3235133:95/3 10 
9 45 35-673 2,1103 5,5332, 27853 5,3832,4303 5,24 32, 535,10 32,74 34,9032, 8934,82 33, 04034, 67 7 
| | 4936,41 32,7536, 2732,94 30, 113371103 598 33,26 35˙8333,423 56933, 5735.5 33773 35,3903 
T 139 37.16 33-4037-01 332+0:130,86) 3337013 30972 3394 0. 34.10 3542 34, 2630,27 34, 42036, 2034.56 0 
| 5'137+99 3497 313757 5134 26437 bc 34,49 37:45. 34,62 37,30 34,7 37,1534, 94 36,99 3571 36,8435,275 ark 
l 1268,64 34-79/33-49134-9%[33,34/3542 3/3515 35.3038 03 3554637587 (35,63137+72|35970]37, 56/3 7 
1 333939, 352891399231 35:03139:07/3 5,3 1[35:92 3588,76 3 „15 38,00036,31038 44 36,4803, 2805 7 
| 544013 39,13139997136,31139481,35,4539:05 36,66, 39545 36.83 39-33 3752443917 (375 17139401137: :4Þ " 
55149257 36,8 .7 1, 8,5837. 16,35 37,3340, 4857747 3-25430.5- 37.8039, 755.6, 7 
56447, 6, 37,4741,4527, 6 429377844, 28,01 40, 953,10 7628,37 40,6238, 510, 38,7 7 
5742735 33,14 2,19 8,322,032 33,541,839 8,69%. f, 58 17274 51739, 5147,24 39,2211, 1638˙4 
S351 8,8 72,9 8 9% ,½%%39, 19/2, 509374 42 39,50 $2324] 39,7444 2207 39,92441,59 
3943 34/345) 435679 6 43 5739,86 12 35440, 5 1 97 40342 42,7840, 67042, 62] 0:80 | 
5244 5_i2.351:114119-3-| 4 2-10, 53114901 4057 514.3-87 4. 4 J 3452/4 3334/4 
| > D p. | D-p. Lat J. Lat. 72 [Lit Des. Lat, . eps Je Lat | Der. Tas 1 Ded. Dep. d. 8 
— — 45 iitu 30 R in. 12 Vin. 92 o Min. | 45 We he's Min 5 Mine || 
48 Leg. 47 Jegrers 1,07. 46 De Zrees oM 
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42 Degrees 590 43 Degrees 92 
|| 15 Min. | 3o Min. 145 Min. o Min. 15 Min. 30 Min. 45 Min 
Lt. | Dep- | Lat. | Dep. | Lat. Dep. Lat. | Dep. Lat. Dep. Lat. | Des. f Lar. | Dep }* 
40, 82 45, 1 541,144,974, 2144, 7941, 4444, 6 14 1, 0044, 43 41, 8044, 2 41, 9944, O42, 18 b1 
4554945589 41,69 45,7141, 8945,53 42, 094 5, 34 42,28 45,10%, 4844,97 42,504.79 42,87] 62 


46,63142,39140,45/42,50146,26142,76146,07/4 97|45-39/$3517;4570|43»36]45551143»57] 03 8 
47,374,347, 1843, 234, 9943, 44 46, 3043, 654, 613,8 5,46, 4 44,0546, 23044, 20 64 Hf 
145, 11143174147>92143-91147,7 344, 12 4, 54 44,33 47,3444, 54/471 5144»74j46,9 5 44,95] 65 | 
648, 8544, 3748,66 44, 5848, 4644, 8048,27 45,048, 97 45, 2247,87 45,4 47, 5 45, 66 

495945059, 405, 2649, 2045, 4549, 0045, 6948, 8004 5, 148, 04, 128, 404, 3] 67 
50,834 557250, 1345,99 ,93 46, 1649,73 46, 3849, 534, 59 49, 32 46, 80049, 127,02 65 
51,7 46,4050, 87 46, 6150, 55046, 84 50.4047, 650, 547, 28050, 57, 449,8 47,72] 69 
02/40,04. 51,8147.07J51,6 1047,95 1.40 47,525 1,1947, 7 (50, 9/47, 9650, 7848, 150, 5648,41 70 

52,5545774](52,3447.9752, 1448, 1951,93 48,451,71 5 48,851, 2949,10 71 1 

5352948, 41053, 08048, 6452,87 48,87 52,6549, 1052 44 49,565 ,, 49,79 72 1 
54031490815 3,82 49, 3245 3»00[49, 5853,39 49,79 53,17 515292515257 5 5,7 ; | 
547749, 7554, 56149-99154» 34\ 50, 23 54,42 50, 4 53,90 £150,415 345151917] 74 
955•51 5%, 43055, 29,50, 6755, 07 50,954,855, 5054,63 51,62154,17)51,87] 75 
56,2551, 1056, 0351, 3 55,81 51 59 55,5851,835 7,35 52, 54,9052, 56 70 
56,9905 1,77 56,7752, 0256, 54 52,27 56,3152, 5156,08 53,0 5,205 % 2 77 
2 »73052,4457, 5 152, 7057, 2752,95 57,0453, 2056, 81! 53,6956, 3453,94] 78 
58,473,158, 24 53,3758, 010 53,6357,77 53,8857, 54 54+3d[57,06154,6:} 29 
—839.— 8288.28 8258,74 3088,515485058727 5507157979] 35-32} 80 
59796544659, 2 54, 7259,48 54,98 59,24 5,24 59,00 5557055, 0/5, 8 | 
69,7055, 13059, 465 9,050, 2 15 5, 6659, 975592 59,7305 506, 44059,23/56. 70 82 1 
61,4455,8 61,1956, o) 60, 95/56, 3460,70 56,6460, 45 $7»115949 5/57, cl 83 
62,1856, 486 1,9356. 5051, 585%, 21, 4357729 61,18 57,8200, 68058, 08] 84 
9257, 562,67 57,4302, 42 57, 7062, 165,97 61,9158 58,5 71,405,780 85 
63,06 57782 63,4058, 1 63,15 58,38 62,89 58,65 62564 $159, 002, 1259,47 86 


N 


64,40 58,786 3. 88 39,0663. 9, 3363,37 5998815 4050, 10 87 
65,14 5$9,46164,62 59574 64,36 0502 64, 096 60,57 53,5650, 80 88 
059-5565588 60, 1 3b 5. 35.50, 465,090, 70% 4,8 06. $1912 4e 1,55 89 
90522 06,02 60,3c{66,09151,09105,82[21,38||65,55 21,95 05.0110 2,24 go! 
67,36 61,48], 8261,76, 55% 2, 006, 2806. 52,5455, 62,9 9 
wy 62, 15067, 56 62,45 67,28 62,7467,01ʃ5 


68,84 
69,58 
70, 32 
71,06 
359071, 80ſt 


9533170, 40 03,62 92 
24,02027,18 ad 1 
4, 706%, 90% 5, c] 94 
65,3958, 626 5,76 95 
50, 59,3465, 39 96 
20, 70, 057, 0. 97 
67,447 5797,79 
58,147 1,5058, 40 99 
58,8 0,2. 69, 15 too 
09,5 72,9069, 84 101 
70,2173, 080), 5 3HO2 
70500 745, Kc 71, 23 103 
71,575, 1271, 9 2104 
72, 2 517 5584/72, 610 
7229417 0,5573, 30. 
73˙037 7.297% 9.0 
74,3278, 0:74, 6008 


62,8 368, 29.63.1368, 163, 43 (67474 
63,5769, 02 63, 868,7 554,218, 465 
64,1869, 76 64:49, 69,4479 59,19 6 
64,8670, 496 5, 1770, 2165, 47 69, 92 
65.5 3071, 23065, 8470, 94%, 1 570, 655 
725,54 66,21, 96/66, 5271, 6766, 8,71, 380 
73,20 60,89 72,0967, 2072,40 57,5272, cb 
74,0267, 24 73» 73107, 5% 3,43 67, 8831368, 202, 84 
74570 67,91 74:40 63,23 74,1768, 56 73.8768, 88 73756 
5117 5-50 68,58 75,2068, 904, 9069, 2474, 60/69, 564, 2906 
26,2469, 2 5 5.9469, 587 5, ö 359,92 75,337, 2573,02 
76,98 69, 9270, 6870, 256, 3770, 60 75, 00,93 79973 
0177-7 2170,6<77,41170,93}7 7, 100% 1,2776, 79% , 055, 48 
78,4671, 278, 1571, 0c, 8471 595775272, 3977720 
979,201, 9478, 8972, 28078, 5772, 6378, 2573,07 77,93 
79,9472, 6279, 6372, 9679, 30 73,31 78,9873 7078, 68 
$0,68\7 3-29]80, 363, 6380, 043,99 79,7174, 4479,40 75,178,730 5•38J.09 
— 81,42 31,1074, 31 80, 7774, 67 80, 45 75,02 80, 12 5 «17 537 1, 46.0 fr10 | 
71$2+16174,63]81,84/74:99ÞÞ13 5175-35 5187570 85,85 75,553,827, J, 8 767571 
82, 905, 3 82, 57756782, 2476, 038 1,916, 3808 1, 5876, 7408 1,24 17429 50,977,612 
3647 3,98ß53,31½5, 34082, 9876, 70 82, 64 ) S2, 30, 4258 1,97% 788 , 3% 140113 
54,38 76, 65084, 0 5 77, 02 83,7177,38 83.377775 33,078, 11082, 6978, 482, 3578, 83114 
3986077279 77,694.44 78,54, 08,4353, 76½8, 795 34= 079,65 3,57 29,530 15 
5:20177,99]8 5-52 78, 37,85, 18078, 7484, 839, 1184,49 79,8084, 139,8 5805 3,79 80,220 15 
56,6078, 6685,26 79.0588 5,9179, 4285, 5779,79 8 5,2280, 17184, 8689, 54484, 5 180,92] 17 
87,34 79,386,997 72086, 5580, 10 56, 30080, 48 85,9 5/80, 8 58 5, 5808 1, 238 5,2408 1, 6cl18 
88,0808 80, 30][87, 3880,78 [87, 38 1, 16086,678 1, 54086, 3108 1,9 108 5,86682,29 
2988,83 80, 68 88,4781,07188, 12081, 4687,76 31,8487, 40082, 22087, o-, B 2, 0080, 882.98 


8 " amy "TRE N 
— r a : L l 72 9 — 1 23 — 
. hn ha et 47 „ oral —]ß0?V ww cd Gf rare< 7 


'v 

4 
| 
9 
| 


„7 


Dep. | Lat, Dep. | Lac. || Dep [Lat. Ip. | Lat. | Dep Lat. 


3 Min. I 30 Min. | 15 Min. || o Min | 45 Min. | wo Wir. | 15 Min. 
47 Degrees 
. 


8 1,0% 46 Degrees I,04 


— 


* 


149 —— Me * 10 FE - 
* 


130 TRAVERSE TABLE, 67. 


44 Degrees 59% s Deg 44 Degrees 97 
Min. | qo Min. © Min. ff o Min. || 20 Min. 40 Min. 
at i — — — a 


Lai. } Dep | Lat. | Den. | Lat. | Dep. ] Lat.] Dep. jj Lat- j Peg. Lat. [Dep. Lat. | Dep. 


. — 2 
O, 720 o, 9 0, 72 0,74] 9,71] 0,70] 0,71] o,7 1043,88 42,37 43,6342, 634 3,38 42,88 45510 
1544] 1539] 1943] 1,40 1342} 1,4 1,41] 1,41 44,6043, 0744, 3 54 3,3 34,0943, 58 438% 
25160 2,08] 2,154 2,10} 2,13] 2,11 2, 12 2,12 45,324 3,7604 5,06 


1 

2 

3 44,0344, 8 144, 29 4455144) 
4\ 2,88] 2,78] 2,86| 2,79 2,84 2,8 1 2,83] 2, 8 3/46, 444,46 45,78. 44,7345, 52044, 9945, 5 
5 3,50 3347] 3,58 3.49 
7 
8 


3,56 3,51 3,53 3,5346, 504 5,156,490 5:42Þ402314-5,6c 45,9 ö 
4, 320 4517] 4.29 419] 4,27 4,22 4,24 4,244,474 5857 216,145,944, 55% 
5,03 4,86] 5,01] 4,89 4.98] 4,92 4,95 4.9 548, 19 46,5447, 92 46, 8247, 55147, 00% % 
5,69 5,62 5,66] 5, 648,9 1043, 24% 8,5449, 52048, 30%, 8% 48, 0, 

6,40] 6, 33 6, 36 6,3649, 63048, 9349, 35048, 249, 08048, 50 48,7918; 
7,11] 7,03 7.07] 7,0715093 5] 8,631[50,07148, 921497814932 11149; colig 

7573 7,780 47845 107149,32150,7 $149, 6250, 4349,91 50, 

12] 8,63] 3,34] 8, 58] 8, 39 8,44 8, 49, 8, 495,950, 251, 50050, 3251, 21050, 610 5070 1% 
13] 9:35] 9-03] 9,30 9508 9,14 9,19, 9,19 52,8105, 1052, 2105101051, 951,325, b 
140,7 9,7 3010, 010 9,78 9,84 9,90 9,90. 53,5357, 4 i 52,9315 137 52,6352, 252,316 
1510, 7910,42, 73 10, 4810, 67/10, 5410, 6110, 6154, 552, 1053, 6452, 4 053,3452,7 253,03 $19 
1611 1,51} 11,120 12,4411 1,1 11,38 11525011,31011,3154,97 52,80 54,3653711 545055342 537740 
1712, 23011,8 112, 10 12,8812, 09011, 9512, oz tz, O25 5,6953, 495 5,0753,81 54776054,13 505400 
18012, 9401251012, 8712, 5712, 8012, 512, 732,735,454, 955,7 9054, 575 524715495 305510 
1901 3,6 5013, 2003,59 13,2713, 57013, 3613, 4513, 4357/1254, 88 50, 5005 5,2156, 185,5 305 800% 
2014,90 134891143111 3,98[14,22114,0614,14|:4,141157255|55571157522155»91[50-90156,241 56,5788 


5.75 5,56 5372] 5,59 
gf 6,47 6.25 6, 44 6,29 
42 6,95] 7,15 6,99 


11 7,91 7904] 7,87] 769 


2141511} 14959115,02 14,68}: 4:93 14,70 1458 5014, 8 5 58,2756, 27579456, 6057, 1056,94 57.2 Fr 
| 2211 5,8201 5,281 5,7415, 371 5, 65 5,461 5. 55/15, 561158,98|5$6,96||58,65}57,30 58,3257, 6457,98 
23 16,54 15798 16,4 516, f, 30016, 17/16, 2606, 2659,70 57,66 59,37 58, oc. 59, 03/58, 35 58,69 34 
24017, 2616,77, 1716,77 7, 16,8715, 9716.97 60,4258, 3 5 60, 0858,70 $9»74\59,05 5945 
25 17,98]: 7437117483] 17347 17,78 17,717, 68017, 68 61,1459, 5 60, 80 59,400.4559,75 60, ic h 
26018, 7018, 0618, 6018, 1718, 4918, 2818, 38018, 38 61,8659, 7461, 51060, 10 51,1650, 4506081 1 


27119, 4218, 76019, 3118, 8719, 2018,98 19, 0919, 09 62,5850, 4462, 23 60, 8051, 8751, 16061, 52001 
28020, 14019,4 5]20, 03 19,579,919, 6819, 8019, 80063, 306, 1362, 946 1, 50 51,8662, 22066 
29 10,8620, 1520, 74420, 270, 220, 39020, 5 120, 5 64,0261, 8 363.6662, 20093, 52, 501922930 
20 21,58]20,84]2 1,46|2c0,9t[21,34\21,0901|21,2i[21,21 64,7462, 5264. 38062, 8954, 0163,27 63,0463 
222, 30% 1, 53 z2, 17/21, 66022, 0522, 791,922 1,926, 4663, 2 1 5,09 63,594,723, 9764, 350, 
1 gs 22,23122,89|22,36]22,76|22,49 "=p a 1 66, 18064, 0165, 8 164,2 5 64,6716 5,050, 
3312 3,7422, 9223. 602 3, ob. 3, 473, 2023, 33023, 33 66, 90064, 7066, 5264, 9 65,37 655 bk! 
34024, 46023, 62024, 32 23,6024, 18023, 900 z4, O4 24, 467, 6206 5, 406), 24 56,0866, 47 ö0 | 


35525. 17/24, 31025, 3024, 4624, 8924, 6024, 7 524,7 568, 3466, 9e, 95 
5 25,8902 5,0125, 7525, 16/2 5, 602 5, 310 5, 46 e 69,0 566,79 68,676 
37426, 61 5,7 126, 4602 5,86 6, 31026, 01%, 1625, 1669, 776, 4869, 38 
38127, 33026, 4127, 18026, 3627, 226, 7 106, 87/26, 8770,49 68, 1870, 10 68; 
39.28, 05[ 27, 1c, 89 27,2 527, 737,427, 58027, 58% 7322 68,8 770,8 106 
40 28,7727. 7928, 61027, 9 5 f, 4 8028, 12/28, 2828, 2871, 9369, 4771, 53 
41/29,4928, 4829, 3328,65 3 28,9928, 9972,05, 1672,24 
42130421 29,1830, 429, 3 59,8729, 5229, 70029, 7073,37 70, 8672, 96 
43030, 93029,87J30, 76, 30, 0530, 5830, 23030, 410 30, 4174,09 71,5 ½73,67 72, 4072, 830 
443105 30,5731,4730,7 5431,29530,93;131,11]31,01 74581 72425174339 6 731 1117 3» 40h 
4532,37 37,2632, 190317, 453,003 1, 63031, 82031, 8275,53 72,9475, 1073. 3517496817 3,8 1117442 51748 
4613309] 31,9632, 90032, 1432,71032, 3432, 5332, 530,2 5% 3:641[7 5982 74,5 11174+9 5/71 
47133>81132,65133,62132,84[33-43133-04133523133:23117097174533[76.53]7 47570 10% 5, 22% 5.66757 
431342531 33»35134»> 3313 35 54434» 141333 74115 329443 3594 177909 75,03 7725 75792076, 37 764} 
4913 5524] 3499413 550 5/34, 2434, 3 534, 4434, 65034, 65078, 407 572117 7991701717 7>52176,021[7 75071718 
_ $013 529713475[35:70134:944352 504355151135 3513 593 529213 4 78,68176,85178,2317 7,337 7+79|1:4 
5736,69 35,4236, 4803 5,6435, 735,8 5036, 06,36, 0679,85 77, 179,407, 5778, 95%, 478, 495 
52 37,4036, 1237, 19036, 34036, 98036, 5536, 7736, 7780, 56%, 8080, 11078, 279,658, 747952079 
53038, 1236,82 37,9 137,437,937, 2637, 4737, 4781, 28/8, 5080, 8 278, 9780, 37½9,43079·90%9 
5438,84 37,5 138,620 37,7438, 40037, 9638, 18038, 1882,09, 1981, 5479,71, 880, 1580,61 8000 
5 5.39, 5638, 21039, 2438, 44039, 12038, 66038, 89038, 982,72 79, 8982, 26080, 378 1,7980, 8817,32 di 
5640,28 38,90 40, 0539, 14039, 82039, 3739, 59/39, 598 3,4480, 58 2 22 81, oel82, 5008 1,5 582,0 82, 
7 39,5040, 77039, ago, 54140,071}40, zoſ ao, 30 84,1681, 2883, 6908 1,7683, 2108 2,2682, 7% 
47,2 40% 81, 4804,51, 254, 741, 0141, 0184, 8808 1,9784, 4082, 468 3,9282, 90 83744083 
59 42,44 40, 9942, 0041, 341, 96041, 4804 1, 7204 1, 7208 5,60 82, 678 5, 1208 3, 1684, 64083, 6684, 14 $44] 
| 8 == 


60 43) 16/41450142921419 3{42,67142,18 3042, 4386,32 $3,361[3 5,83]83,30]85,34184,35 84,8 5184 
. Dep. Lat. Dep.] Lat. | Dep. | Lat. | Dep. | Lat. Dep. ' Lat. Dep. Lat. | Dep. | Lat. Dep. Lk 


56,7 57,10% 

67,48 677 8800 | 
58,1968, 9ſt 
68,8969, 3000) 
69,59 70, 07 x 
20, CTU 
71,0017 1,42171 

4 [7 1,7 C[|7 23 121748 


| 2 © Min. 40 Min. | 20 Min, il o Min, o Min. [40 Min. | 20 Min. o Ming 
| 346 Dez.] 45 Degrees 1,001146 Deg. 45 Degrees It 


«ND or BOOK II. 


$216 —A MERCATOR CHART OF 


0 MEARRN i 6 9 | 510. | 


BR 


NEN 


ENGLAND 
1 Bata F a 


— 


— — 


200 . 12 


TIE WESTERN OCEAN. - PLAIL_ 


4 4 
, Ll 


11177111111111111121111711111111111111111111111111˙11 1171 111 1 1 4 1 1 4 4 1 1 1 6 
bp | — 8 . | 
* foe q | 
— | V * 
hw ; . : 2 
* is, a. 
_— * 190 
5 N 

” 4 l 
4 N 8 

4 
x . 8 
| e A 
4 
| EEG 3 
7 * 2 7 1 1 972 
8 . 
i : n 
| 
o 2 2 
% i — * 
A 3 8 
4 15 8 3 | 
l | * DN i \ - _ - * 
— 8 #tg 7. , \ IH ” o 
- 1 \ 4 222 
TOE nat UNE a c - 
| Xx » 
1 „ 1 
: TS OC Fauetes 1.2 
i * 17 
| iE AzoREs or : 
err c, 7, 2 
oy Nr 
5 1 9 e, 
\ Hao : ng 4 8 
i X Din : 
| WESTERN ISIN S , 
by, | Lom an 5 
. . 
| 2 3 6. 7. 8. g ene | | 
Sw % _£.6cer} MOROCCO , 
: | 3 \\ | Canary ISLES S*Oorus i of . 
1 Dees career mes Og „ 9 
| P.. 
Zi PEAR FAD 222 
1 
Oi UUEUERVGERRW ng nn 7 — 
Ann i A 


a Fy © — - 


N AVIG AT 


THE 


ELEMENTS 


„ 


** 


BOOK VIII. 
F GLOBULAR SAILING. 


o 
. 


33 - — 


\ 


SSC 11 M5 
Definitions and Principles. 
1. DV Globular Sailing is m-ant the manner of eſtimating either the 
| difference of latitude, difference of longitude, departure, courſe, 


or diſtance, from any two of them being known, upon principles deduced 
from the ſpherical figure of the Earth. 2 


In the preceding parts of ſailing, the operations were performed as if 


the courſes and diitances of ſhips had been run on a plane or flat ſurface, 


But this cannot be true, as appears from Book VI. Art. 2. To which, 
as farther proofs, it may be added, 1ſt. That mariners, as they fail from 
northern or ſouthern latitudes towards the equator, obſerve the ſtars about 


the poles conſtantly to diminiſh their altitude or height above the appa- 


rent horizon. 2d. It is alſo well known, that in eclipſes of the moon, 
the darkened part is bounded by a circular curve; and conſequently the 
body which caſts the ſhade, or obſtructs the light, muſt be bounded by a 
like curve, But as this obſcuration is cauſed by the Earth, conſequently 


| Ns Furey muſt be limited by a circular figure, that is, it muſt be glo- 
ular. | | 
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2. As meridians are circles on the terraqueous globe, meeting in the 
poles, it is obvious that any two of theſe circles muſt recede more from 
one another at greater diſtances from the poles ; and at equal diſtances 


from both poles, or at the equator, the diſtance between the meridians is 
the greateſt, EE | | 


| The true place of a ſhip at ſea depends upon its diſtance from the 
equator, and from fome noted meridian; and becauſe the meridional dif. 
tance, that is, the diſtance between two meridiar e, varies in every lati. 
tude ; it is therefore convenient, that this diſtance ſhould be reckoned 
in a fixed latitude, and where the degrees are of the ſame magnitude with 


thoſe of the meridian ; which can be only at the equator, where 60 nau- 
tical miles make a degree, 5 5 


3. Now a ſhip failing from any latitude upon an oblique rhumb, until 
ſhe has made a known departure, by the rules of plane failing, will reckon 
herſelf under the ſame meridian, whether ſhe ſails to the northward or 
ſouthward. But from what has been ſaid, this cannot be true; for the 
ſame meridional diſtance, which in this caſe is taken as departure, will 
not ſerve two different latitudes on the ſame ſide of the equator ; theres 
fore the common methods of plane failing alone are not fufficient to ſhew 
the ſhip's true place, a neceſſary correction being wanted with reſpect to 

her longitude, 22-740 4. , ee ant. GETS. oa TOES, 
| EPA JC—„v᷑v; TEEN >» . 

The incorrect method of plane ſailing was probably founded on the 
manner in which the ſea- charts were at firſt conſtructed. For it being. 
moſt convenient to repreſent the meridians, parallels of latitude, and 
rhumb lines in ſuch charts by right lines, where the meridians would be 
parallel, and the eaſt and welt lines cut them at right angles; of conſe- 
quence the diſtances of the meridian in every parallel were equal to the 
_ diſtances at the equator ; and a degree on any parallel of latitude, was of 
the faire ſize as a degree on the equator : hence each degree of longitude 
in thoſe parallels was increaſed beyond its juſt ſize, in proportion as the 

equator, or its radius, is greater than the parallel, or its radius, 


= 2 o 


4. Theſe material objections againſt the ſea-charts could be removed 
only by adopting a different method of conſtructing them; and it had 
been hinted, ſome hundred years ſince, by ſeveral perſons, that the de- 
grees of latitude in ſuch charts ought to be lengthened as they approach 
the poles. Accordingly Mr. Gerrard Mercater, a Fleming, publiſhed 
the firſt chart of this kind in the year 1556, in which the degrees of lati- 
tude were gradually lengthened from the equator toward the poles ; but 
in what manner, or how the chart was conſtructed, he did not ſhew ; 
neither were thoſe degrees increaſed in the true proportion. | 


5. About the year 1599, Mr. Edward Wrigbt, an Engliſhman, diſco- 
vered the true principles upon which ſuch a chart ſhould be conſtructed ; 
which is to increaſe the degrees of Jatitude as they approach the poles, in 
the ſame proportion as the degrees of longitude decreaſe on the globes. 
But it was not until the year 3599, when he publiſhed his errors in Na- 


vigation, 
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vigation, that he ſhewed publicly the principles of the true ſea-chart, and 
the method of conſtructing it: but notwithſtanding Mr. Wright was the 
real inventor, the charts made on this conſtruction are called Mercator 
charts. However, as a true method of computing a ſhip's place at ſea 
does not appear to have been known till Mr. Wright publiſhed the ſaid 
book; therefore, although the chart may not improperly be called Mer- 
cator's, from his being the firſt publiſher of a chart of this kind, yet the 
method of failing, called Mercator's, ſhould, in juſtice, be named from 
Mr. Wright, | 


6. The difficulty of conſtructing a true ſea- chart ſeems to have con- 
ſiſted in finding a proper manner of applying the ſurface of a globe to a 
plane, which Mr. Wright happily accompliſhed by a moſt ingenious con- 
ception; the ſubſtance of which follows. 55 


Iſt, Suppoſe a rectangular plane were rolled about the globe, until the 
edges of the plane met, and formed a kind of concave cylinder incloſing 
the globe, and touching its equator. NE Rs i ol 


2d, Conceive the ſurface of this globe to ſwell (like a bladder while it 
is blowing up) from the equator towards the poles, proportionally in la- 
titude as it does in longitude, until every part of its ſurface meet that of 
the concave cylinder, and impreſs on it the lines that were drawn on the 
globular ſurface, | | | 


zd. Then the cylinder, or rectangular plane, being unrolled, will re- 
preſent a ſea-chart, the parts of which bear the ſame proportion to one 
another, as the correſponding parts on the globe do; and in which all the 
lines will be right lines. N | = 


For in this formation of the nautical chart, every parallel of latitude on 
the globe will be increaſed till it is equal to the equator ; and ſo the diſ- 
tance of the meridians in thoſe parallels will become equal to their diſ- 
tance at the equator ; conſequently the meridians on the chart are ex- 
preſſed by paralle] right lines. 1 


Alſo, the meridians being lengthened as the parallels are increaſed, 
every degree of latitude is lengthened in the ſame proportion as the de- 


grees of longitude are increaſed ; therefore the diſtances of the parallels of 


| latitude become wider and wider as they approach the poles. 


Again, As the rhumb lines on the globe cut the meridians at equal 
angles, they will alſo cut the meridians at equal angles on the chart, and 
_ conſequently be expreſſed by right lines; fince none but right lines can 

cut ſeveral parallel right lines at equal angles. | | 


The conſtruction of ſuch a chart Mr. Wright deduced from the fol- 
lowing principles. | | | ; 
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bs ECT 10 N Il. 
Of the Reckoning of ben 


7. PROPOSITION L - 


The diflance 1 any two meridians at the equator, 
Is in proportion to their diflance in any parallel of latitude ; 
As the radius, 


ws the co-ſine of et latitade. 


D E MoNSTRATION. See Fig. 1. Pl. XIII. 
Let PDFE repreſent che fourth part of a ſphere; E being the center, v 


the 12 5 ED the radius of the equator, AB the radius of a parallel of lati- 


tude, Then the arcs PBD, Pe, will each repreſent a quadrant of a me- 
ridian; pd is an arc of the equator, and BC an arc of a parallel of lati- 
tude; alſo the arc DB expreſſes the latitude, and PE the complement of 


the latitude, the right ſine of which is ga. | (III. 3) 


Now (II. 197) the circumference of a circle, the radius of which is 


Ev, is to the circumference of a circle, the radius of which is AB, as ED 
is to AB; that is, as the radius of the equator, to the radius of the pa- 


rallel; or, as radius to the co-line of the latitude. 
But like ares, have the ſame ratio which their eircumſerences have. 


(II. 150, 197} 


And like ares D d, BC, are intercepted detween the ſame two meridians ; . 


therefore 
An arc of the equator is to a like arc in any parallel of latitude; 
As the radius, to the co- ſine of that latitude. 


8. Coror. Hence it is eaſy to conſtruct a table ſhewing the approach | 


of two meridians in any latitude from the equator to the poles z or in what 
proportion the degrees of longitude diminiſh in every latitude. 


9. = PROPOSITION IL 
Any part of a parallel of latitude is to a like part of a meridhan, as ra- 


dius is to the ſecant of the latitude of that parallel. 


DEMONSTRATION. See Fig. 2. Pl. XIII. 


Let PDE repreſent a quadrant of a meridian, where » is the pole, and 
DE the radius of the equator; AB is the radius of a parallel of latitude, or 
is the co-ſine of the latitude, the fine of which is Br, and ſecant Ec. 


Then EF : EB: : ED : EC. (LEE. 24) 


Or col. lat.: rad. : : rad. : ſecant of the lat. in that parallel. 
But col. lat.: rad, : : part of a parallel : like part of the equator. (7) 
Therefore, part of a parallel of latitude, is to a like part of the equator; 
As the radius is to the ſecant of the lat. to that parallel. 
4 like parts of the meridian and equator are equal, as great circles. 
herefore any part of a paralle] of lat. is to a like part of a meridian ; 5 
as radius, to the ſecant of the lat. to that parallel. 
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The diflance of any parallel ef latitude (A) from the equator is expreſſed 
by the ſum of the ſecants of all the arcs between the equator and that parallel, 
| wn þ | 


DEMONSTRATION. 


Now (9) As radius, to the ſecant of the latitude A; —- 

So is a diminiſhed deg. of long. in lat. a, or a degree of that parallel, 
to a degree of the meridian. \ DS — 

But the degrees of latitude, or of the meridian, are to be lengthened in 
proportion as the degrees of longitude diminiſh. — — OY 

Therefore, As radius, to the ſecant of the latitude A; | 

So is a natural deg. of the meridian, to a lengthened deg. in lat. A. 
Here radius being. as unity, and one natural deg. as unity alſo, 

The length of a degree in any latitude is as the ſecant of that latitude, 
or may be expreſſed by that ſecant. \ | | | 

Now the diſtance of any parallel from the equator is the ſum of all the 
ſacceſſive arcs between the equator and that parallel. 277 

Conſequently the diſtance of that parallel is expreſſed by the ſum of 
the ſecants of all theſe arcs between the equator and that parallel of la- 
titude. | | \ . 


II. Cor, Hence it appears that by the addition of the ſecants of 
ſmall ares the diſtances of the parallels of latitude from the equator are 
obtained. = 2 

And theſe ſeveral diſtances, which are called meridional parts, being 
diſpoſed in a table correſponding to the degrees and minutes in a quadrant, 
form a table of meridional parts. 

This was the excellent diſcovery of the celebrated Mr. Mrigbt, by 
which the art of Navigation received greater improvements than by any 
thing that had been done before, the diſcovery of the mariner's compaſs 
excepted 3 and indeed, in this and other things, he fo far perfected the art, 
that little elſe was wanted beſide an accurate method to find the longitude 
at ſea, There have been ſince his time many eminent men, who have 
done much towards rendering Navigation more perfect ; vet if the real 
uſe of their improvements be ſtrictly conſidered, it will perhaps be found; 
that they amount to no more than other methods of performing the ſame 
operations: the improvements made by Mr. Richard Norwood and Dr. 
Halley only excepted. | 


12. Mr. Wright made his table for the divifion of the nautical meri- 
dian, or the table of meridional parts, as follows. | : 
The meridional parts for 1 min. he made equal to the ſecant of 1 min. 
The mer. parts to 2 min. equal to the ſum of the ſec. of 1 and 2 min. 
The mer, parts to 3 min. equal to the ſum of the ſec. of 1, 2, and 3 m. 
The mer. parts to 4 m. equal to the ſum of the mer, parts of 3 min. 
and the ſec, of 4 min. | | 
And ſo on by a conſtant addition of the ſecants. 
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Now although a table thus made is abundantly ſufficient for all nay. 
tical uſes ; yet, had the ſecants of ſmaller parts than minutes been taken, 
the table would have been more correct. And therefore Mr. Oughtred, 
Sir Janas Moore, Dr. Wallis, Dr. Halley, and others, have been induced 
to ſeek methods of conſtructing theſe tables with more accuracy than by 

the addition of the ſecants to every minute. | Ph | | 

But a table of meridional parts conſtructed by the moſt accurate me. 
| thod, haz only ſhewed, that Mr. Wright's table does no where exceed 
the true meridian parts by half a minute, and this only near the pole; for 
in latitudes, as far as navigation is practicable, the difference is ſcarce 
ſenſible. * | | | 3 
A table of meridional parts being obtained (ſee the table at the end of 
this book) the meridians and parallels of latitude for a ſea chart, in 
which the ſituation of places will bear the ſame proportion to one another 
as on the globe, may be conſtructed by the following propoſiti on. 


13. "PROPOSITION Iv. 


To conſiruct a ſea-chart, woich ſhall contain a given number of degrees of 


Fa 


" LY wo IE > Pe I TW x TW —- ' 


- 


latitude and lengitude. | . 


* | 
Suppoſe from the latitude of 23 degrees N. to the lat. of 59 degrees N. 
with 80 degrees of weſt longitude from the meridian of London. | 


1, Write the ſeveral degrees of latitude, included between the pro- 
poſed limits, ordeily under one another in a column, the greateſt being 
uppermoſt. | | 

2d. Then beginning at the lower one, write in another column, 
againſt each degree, the difference & between the meridional parts of the 
leſſer latitude, and of that degree of latitude. | 

31. Divide each of theſe meridional differences by 60, ſetting the quo- 
ticnts againſt their reſpective dividends, in another column; and 
'theſe will be the meridional parts reduced to degrees of longitude, and 
will expreſs the meaſures of the diviſions for the meridional degrees. 

If the meridional differences to parts of degrees, or minutes, be want- 
ed, they are to be taken from the table of meridional parts in the fame 
manner. | 

Theſe three articles are exemplified in the following table ; which, 
although made to ſerve from the equator to 72 degrees of latitude, yet 

will ſerve for any intermediate limits, by ſubtracting the meridional de- 
grees belonging to the latitude where the chart is to begin from thoſe of 
all the latitudes the chart is to contain: from the ſeveral remainders 


make a table, and theſe will be the numbers to be transferred to the chart, 
as is ſhewn in what follows. | — — 


* — 
» — 8 * = » — * „„ 8 it. 
—_ tn * — — * — — I _ — — 


* This is beſt done by writing the merid. parts of the leſſer lat. cloſe to 
the upper edge of a bit of paper, of the ſame ſize with the tabular. figures; 


then this number being applied to the mer, parts of the other degrees, the 
differences may be readily taken. Ep | . 


„ gs 2 
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A TABLE for conſtructing a Mercator's Chart.” 


en, | | 
ech pn | WIRE 3 . 02 1 
> Mer. Mer. Mer. Mer. Mer. Mer. Mer. ] Mer. 
by [Lat Parts| Deg. Lat. Parts|Deg. 2 Parts|Deg. * — Deg. 
Ie | 72 6335 105,6| 54 3865 64,4 36 2318 38,6] 18 109818, 3 
ed 71 [6146[102,4\| 53.-[3764|62,7] 35 |2244| 37-4] 17 [1035] 17,2 
for 70 |5966| 99,4 52 3665 |61,1] 34 [2171] 36,2} 16 0973 16,2} 
rce 69 5795 96.5 513569 59,5 33 210935, 15 0919/15, 
68 5631 93,850 3475 57% 32 2028 33,8 14 [0848] 14,1 
| of 67 |5474| 91,2 49 3382 56,4 31 [1958] 32,6] 13 078 13,1 
"ok 66 [5324| 88,7 48 3292 54,9 30 |1888| 31,5|| 12 [o%½25 12,1 
65 5179 86,3] 47 3203 53,4 29 1819 30, 11 jo664|11,1f 
| 64 5039 84.0|| 46 31165 1,9 28 [1751] 29,2} 10 0603 3 
63 4905 81,7 45 303050, 27 168428, 9 [542 20 
62 4775 796 44 2946 49,1 26 1616 26,9 8 [o482| 8,0 
7 | 614649 77.5 43 2863 4%, 25 [1559] 25,8] 7 [0421] 7,0 
60 4527 75,5 42 2782 46,4 24 1484 24,7 6 03610 6/0 
N. 59 4409 73, 41 2702 45.0 23 1419 23.0 5 o300 5,0 
| | 58 [4294 71,6 40 [2623|437|| 22 [1354 22,6 4 [0240| 40 
57 4183 69,7 39 2545 42,4 21 1289 21,5 3 0180 3,0 
| 56 4074 67,9 38 246841, 1 20 1225 20,4 2 pony 2,0 
5 | 55 3968 66.137 23931 39.9 19 116119,3 1 loool 1,0 
10 4th. Draw a line AB (ſee Plate XII.) to repreſent a part of the pa- 
FD rdlel of latitude where the chart is to begin (which in this example is 
the the parallel of 23*) ; and on this line, by the help of a ſcale of equal 
part, lay a number of ſucceſſive diviſions to expreſs the propoſed number 
_ of d&>grees of longitude. £5 
- Thus 80 degrees of longitude being propoſed, from ſome ſcale take 
one of the primary diviſions, and this diſtance being repeated eight ſuc-. 
at. ceflive times in the line AB, will give diviſions to every tenth degree of 
2 longitude, and then let the intermediate degrees be inſerted, and AB will 
be divided into 80 equal parts of that ſcale; which, in this example, is 
ch, the ſcale where eight ſubdiviſions or degrees make an inch: in like man- 
vet Leer ine parts of degrees may be inſerted. 
de- | | 8 | 
of 5th. From the ends A, B, draw lines Ap, Bc, perpendicular to AB; 
ers and on theſe lines lay the diviſions expreſſed by the meridional degrees in 
art, the foregoing table, beginning at the line aB. | 
Thus, if the chart began at the equator, and extended to 70 degrees 
* of latitude; for 70 deg. take 99,4; for 69 deg. take 96, ; for 68 deg. 
> 60 take 93,8, Sc.; and theſe diviſions taken from the ſame ſcale, and laid 
oy ſeverally on AD, BC, will give the diviſions for the degrees of latitude in- 
creaſed in their true preportion ; and the like for the intermediate parts 


of degrees, 


Aut 


duced in the chart. The reſpective remainders are ſhewn in the following 


In this example, the meridians and parallels are drawn only to every 10 


drawn. 


| tude. 8 


to the meridional difference of latitude of one minute from the equator, 


» 
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But the chart beginning at 23 deg. of lat. its meridional degrees 236 
are to be ſubtracted from thoſe belonging to all the latitudes to be intro. 


table : 


| Dee. Mer. Peg. Mer. Deg. Mer. Deg. Mer. Deg. Mer. Deg. Mer. 
| Lat, Deg. Lat. Deg. | Lat. Bes Lat. Deg. Lat. Deg. 4 Deg, 


— 


we WE OT ones on 
59 49,9 53 39,1 47 29,8 41 | 21,4} 35 13,8 29 97 
58 [48,0 52 37.5 40 28,3 40 2057 34 12,0 28 | 56 
57 [46,10 51 | 35-9] 45 26,9 39 | 18,8] 33 1,4 27 | 45 
56 [44:3] 50. | 34-3]] 44 25,5 33 [17,5] 32 1, 26 | 3,3) 
55 42, 49 32,8 43 (aged $9” 16,3 319,00] 25 | 2,2 
54 (40,8 48 | 31, z 42 22,8 36 [15,00 30 ][ 7,0fj 24 = 


Then theſe meridional degrees, taken from the ſame ſcale uſed for the 
degrees of longitude, are to be applied to the meridians Bc, AD; ſo that 
the meridian extent of the chart will be 49,9 ſuch diviſions, as the pz. 
rallel extent eaſtward contains 80. 8 

6th. Draw lines through the ſeveral correſponding diviſions of latitude, 
and they will repreſent the parallels of latitude ; lines drawn through the 
diviſions of longitude, will exprefs the meridians or parallels of longitude, | 


degrees. | e _ | | 
7th. From ſome point of the chart, as a center, let the rhumb lines be 


14. Note; The difference between the meridional parts to two given 
latitudes is called the MERIDIONAL DIFFERENCE of LATITUDE, to 
diſtinguiſh it from the difference of latitude of thoſe two places reckon- 
ed in miles of the equator, which is called the proper difference of liti- 


In a chart thus conſtructed, every place may be laid down in its true 
poſition, with regard to other places, by its latitude and longitude, with 
as much accuracy as on the globe itſelf, the diſtances of the meridians 
and parallels of latitude having the ſame proportion to one another in 
boths Thus, on the globe, the diſtance of two meridians in the parallel 
of 60 degrees is half their diſtance-at the equator, becauſe the co-ſine of 
60 degrees is half the radius (III. 24); ſo in the chart, at the latitude of 
60 degrees, the meridional difference of latitude to one minute is double 


the ſecant of 60 degrees being double to the radius (III. 24, 34); and 
the like analogy holds in other correſponding latitudes, _ 3 
Now as the meridians are parallel right lines, and are cut at right 
angles by the parallels of latitude, and the rhumbs allo being right 
lines; ſuch a chart is of more ſervice to the mariner for moſt purpoſes, 
than the globe is. | | | 
The properties of the ſeveral lines and angles uſed in failing by this T 
chart will be {hewn in the following propoſitions, : 5 
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PROPOSITION V. 


is ſails on any oblique rhumb, the proper difference of latitude to the 
d meridional difference of latitude to the difference of longitude, 
the radius to the tangent of the courſe, are all in the ſame ratio. See + 


L 3-4 0 2 


DEMONSTRAT TON. 


Suppoſe a ſhip from Þ in the latitude of 30 deg. N. fails on the rhumb 
to 5 in the latitude of 40 degrees north. | 
Now becauſe ſhe has made 10 deg. of diff. lat.; make po, in the me- 
Jian, equal to 10 degrees of the equator ; and draw o R parallel to Q's, 

ecting the rhumbyPs in R. a = 
Then yo expreſſes the proper difference of latitude, 

on the departure. | 

pR the diſtance failed in equatorial meaſure. 

Z.0PR is the angle of the courſe. | 

And R is the apparent place of the ſhip. | : 
But having made 10 deg. diff. lat. ſhe ſhould be in the parallel of 40 
recs ; her place therefore, when corrected by longitude, will be in s. 
Then Gs will be the difference of Jongitude. 
And eq the meridional difference of latitude, 
Now the triangles POR, PQs, are timilar. 


Thereſore 3 0k. 3 : PQ 5 Qs: | (II. 167) 


Alſo 36 * »» (III. 46) 
Conſequently. As the proper diff. lat., to the departure 
$0 the merid. diff. lat., to the diff, longitude. 
And So is the radius » to the tang. of the courſe. 
. "PROPOSITION VI. 


The tangents of the angles which different rhumbs make with the meridians, 
e direfily proportional to the differences of longitude made on thoſe rhumbs 
equal meridional differences of latitude : Or, are recipracally proportional 
unequal meridional differences of latitude on thoſe rhumbs, when the diffe- 
nces of longitude are equal. ! See Fig. 1. Plate XII. | 


DEMONSTRATION. 


Let gs, Q, be the dilferences of longitude made on the rhumbs ps, 


to the common merid. diff, lat. PQ; alſo pw, PG, be the meridional 
iferences of latitude, on the ſame rhumbs, to the-equal differences of 


nzitude WX, QV. 


Now PQ: W:: R: t. O 1 
And PQ: n en | [ (III. 46) 
Conſequently s t, Lor tl QP$. (II. 155) 
Again. Since r 
1 „LW x : H/ ( (HL 46 
Then x x y=PQ xt. r Pw Xt, LV x (I. 162) 
Conſequently pw : : „CV: t, Lx. (II. 46, 163) 


17. PROP. 


% 
5 


2d. To fail from G to H in the parallel of 28 deg. Then 6 B diff. 1y 
* 5 H diff. long. , 1 | | 


* 


equal to the ſum, or difference of all the ſucceſſive meridional differences of la 
1 the whole diff. long. is alſo equal to the ſum, or differences of all A * 
ceſſive differences of longitude; the ſums being taken when they are of the ſas 


the diff. longitude is diminiſhed from p P top M. 


of all the differences of lat.; and the ſame of g N, the whole difference 


differences of longitude, will always be f 


ſame manner. 
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5 a * ; f 
17. PROPOSITION VI. 
If a ſhip fails on ſeveral different rhumbs, the whole meridional diff. In. 


name; and the differences when of contrary names. See Fig. 2. Plate Xt 


- DEMoNSTRATION.. 


| rt, Suppoſe a ſhip fails from E in the lat. of 230 N. to, in the paral 
of 26 deg. N. Then E g=mer. diff. lat. and 6 g=diff. long. 


Now E m=E g+6 h, is the whole diff. latitude. 
And m H= h, is the whole diff. longitude. = 

3d. She fails weſt from H to 1: here ſhe only alters her longitude b 
HI; ſo that her preſent diff. long. is m I. | 

4th. In failing from 1 to k, the increaſes her diff. long. by + K, fron 
mI to g k; and decreaſes her diff. lat, by 1 &, from E m to E g. 

5th, In failing north from K to p, the diff. long. þ continues the 
ſame; but the diff. lat. is increaſed by K r, from E g to E p. 

6th. In running eaſt from P to M, the diff. lat. E p does not alter; bu 


7th. By going from M to x, the diff. lat. is increaſed by M /, from J, 
to Eq; and the diff. long. is changed from p M, or q /, to g x. 
Conſequently the whole diff. lat. E ꝗ is equal to the ſums, or difference 


longitude, 


18. PROPOSITION VII 


If the courſe between any two places, outward and homeward, be on th 
oppoſite rhumbs ; then in each caſe the GT of latitude, departures, anl 
e ſame. See Fig. 3. Plate Xll, Co 


ſu 
DEMONSTRATION: bn: = 

Suppoſe a ſhip at a in lat. 25 deg. N. fails on one rhumb to the lt. 
tude 40 deg. N. ſo that at the end of every third day ſhe alters her dif. 0 


lat. five deg. or 300 miles; and returns, on the oppoſite rhumb, in the 


Through the interſeftions a of this rhumb, with the parallel of ever) | 
five degrees, draw meridians ; make à d, a / each equal to five com- " 


a 
mon degrees of the equator ; and draw d b, _ parallel to the parallels d 


Then are the lines a 4 the proper differences of latitudes outward to 
each third day's account, which muſt be every where equal; and alſo, the 
equal lines a Fare the difterenges of latitude homeward to the like ac- 


The 


equnts, f 
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The lines 45 outward, and Fe home ward, are the departures to each 
bird day's account. „ 5 N 
The lines a 6 outward, and à e homeward, are the diſtances run ta 
ach third day's account. | | . - 
The meridian lines a c outward, and a nz homeward, are the meridional 
ferences of latitude 3 and the weſt and eaſt lines c a outward, and n @ 
omeward, taken on the parallels of latitude, are the differences of longi= 
-M it is evident from the conſtruction that the triangles a d b, a F eq 
each account, are equal to one another, | bb 
Alſo, that the meridional differences of latitude, and the differences of 
noitude, to the accounts between the ſame parallels of latitude outward 

{ homeward, are reſpectively equal to one another, | 
Conſequently the truth of the propoſition is manifeſt, 


PROPOSITION IX. 


The fvifons of the meridian . the Mercator's chart form a table of 
e differences of longitude anſwering to each minute of latitude on the rhumb 
e making an angle of 4.5 degrees with the meridian. See Fig. I, Pl, XII. 


__ 

5 — 

# 1 2 2 
472 2 


DEMONSTRATION, 


Let pv be a rhumb of 45 degrees. 
Then, ſince PQ is at right angles to Q. 


The angle Qr V= LO, each being half a right angle. | = 
Conſequently P. : _ 5 i 3 (II. 1043) 
Now pq is the ſum of all the meridional differences of latitude between 
parallels through P and Q. | | (11) 
And qy is the ſum of all the differences of longitude between the meri- 
ans through Q and v. TE 

Therefore on a rhumb of 45 degrees, the ſum of all the differences of 
ngitude is equal to the ſum ot all the meridional differences of latitude. 

But the ſum of all the meridional differences of latitude is the ſame as 
nautical meridian. 3 3 (12) 
Conſequently, on a rhumb of 45 degrees the difference of longitude, or 
: um of all the intermediate differences of longitude to every minute 
latitude, is equal to the correſponding parts of the nautical meridian 


20, In the Philoſophical Tranſactions, Ne 219, Dr. Halley has given 
ery curious paper relating to the diviſion of the nautical meridian, by 
nethod quite different from Mr. Wright's; and becauſe it contains a 
thod of performing the problems of ſailing according to the true chart, 
the help of Briggs's, or the common table -of logarithmic tangents, 
out a table of meridional parts; the ſubſtance of that paper is here 
exed, + os, | 


* 


The 
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The Dodtor ſays: It was firſt diſcovered by chance, and, as far a1 
sc can learn, firſt publiſhed by Mr. Henry Bond, as an addition to Nor. 

&. wood's Epitomy of Navigation, about the year 1645, that the meridin 
« line was analogous to a ſcale of logarithmic tangents of half the comply 
« ments of the latitude. Ihe difficulty to prove the truth of this rope. 
cc ſition ſeemed ſuch to Mr. Mercator“ (an ingenious mathematiciy 
then living, and) © the author of the Logarithmotechnia, that he pr. 
cc poſed to wager a good ſum of money, againft whoſo would fairly un. 
<« gertake it, that he ſhould not demonitrate either that it was true n 
c“ falſe: And about that time Mr. John Collins holding a .correſpondeng 
« with moſt of the eminent mathematicians of the age, did excite they 
ce to this enquiry. | | . | 

« The firit that demonſtrated the ſaid analogy was the excellent M. 
cc James Gregory, in his Exercitationes Geometricæ, publiſhed anno 166} 
< which he did, not without a long train of conſequences and compl. 
ce cation of proportions, whereby the evidence of the demonſtration is i 
<« a great meaſure loſt, and the reader wearied before he attains it,” Th 
Doctor proceeds, « Nor hath any one, that I know of, yet diſcovered i 
<« rule for computing independently the interval of the meridional pars 
« anſwering ic; any two given latitudes.” | j | 

The Doctor ther gives the ec nonſtration of the ſaid analogy in a very 
elegant manner; and diaw* ſevers! uſeful concluſions. But, as he co. 
feſles himſelf, he is too conciſe for learners ; and the writers on this ſu. 
ject have been no leſs ſo. In order therefore to ſet this affair in a cler 
light, and to keep to the Doctor's principles, it was thought convenien 
to diſpoſe of the ſubject in the following manner; but the propoſitia 
may be proved from principles very different from thoſe which were ut 

by the Doctor. | | 


21. PROPOSITION X. 


On the globe, the rhumb lines oblique to the meridians are ſpirals, ubib 
continually approach the poles. IX 


20 


DEMONSTRATION. 
In any place on the ſurface of the globe the rhumb running north ad 
ſouth, coincides with the meridian of that place; the eaſt and weſt rhums 
are perpendicular to the meridian, and the other rhumbs are oblique t 
it; but this obliquity is the ſame under every meridian therefore all tt 
Thumbs, except the north and ſouth, cut the meridians at equal angles. 
When right lines are parallel to each other, a right line will cut thn 
at equal angles (II. 95): But not fo, when the lines are inclined to or 
another; therefore ſeveral inclining lines cannot be cut at equal ang 
except by a curve line bending toward the place where thoſe lines woll 
meet. | | | 
Nou the meridians on the globe, meeting in the poles, are inclined 
one another; therefore the oblique rhumbs cutting them at equal angle 
are curve lines continually approaching the poles. 
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22. PROPOSITION XI. 


The firal rhumbs an the globe bens proportional ſpirals in the re- 
gropbic prejetiion on the plane of the equator, See Fig. 3. Plate XIII. 


"2:4. EMANS TRATION, 

Let CAEB repreſent part of a ftereographic projection of the ſphere on 
the plane of the equator, where AEB is part of the equator, c the pole, 
ca, CD, CE, &c. arg meridians, and the ſpiral A de F one of the rhumbs. 

Now in every ſtèreographic projection the lines interſecting each other 
form angles equal to the angles on the ſphere which nn, | 

: > IV. 52 

Therefore the projection of the rhumi>line Ad e F cuts FR, radi? 3 
meridians AD, AE, &c. at equal angles. 55 

But this is a property alſo of the proportional ſpiral. . 

Therefore the ſpiral rbumbs on the globe become proportional ſpirals 
in this projection. Fr 

23. Cor. Hence the differences of longitude Ap, AE, AF, &c. are 


\ 


logarithms of the ratios of the intercepted parts C d, C e, © % &c. of the 


4 


— 


meridians to the radius CA. 


„ PROPOSITION XI. 


. 1 . * . . | 
The meridian line is a ſcale of logarithmic tangents of half the cemplement 
of the latitudes beginning from the radius, | 


DEMONSTRATION. 


Let the figure CADEB be part of the ſtereographic projection of the 
ſphere on the plane of the equator, as in the laſt propoſition: and on 
any rhumb let the points a, , e, ) &c. reprelent certain places on the 
globe, of which A is a point in the equator; then will D d, E e, F f, &C. 
expreſs their reſpective latitudes, and the arcs AD, AE, AF, &c. their dif- 
ferences of longitude from the longitude of a ; alſo e being the pole, the 
= £ d, Ce, cf, &c, are the projections of the complements of their 
atitndes. a 

Now in this projection the lines c 4, ce, c f, &c. are equal to the 
tangents of half the complements of thoſe latitudes. (IV. 48) 

And the differences of longitude Ao, AE, AF, &c. are logarithms of 
6 ratio of thoſe tangents, or of the lines C d, Ce, c f, &c. to the ra- 
ws CA, \ | 

Alſo the lengthened degrees of the nautical meridian line are the longi- 
tudes of thoſe degrees made on the rhumb of 45 degrees, whether ex- 
prefled in minutes, according to the uſual tables, or in degrees, as ſome 
Witers have done, | 


25. PRO- 
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. PROPOSITION XII. 


De logarithmic tangent of half the complement of any latitude in Napier: 
eriginal ſy/izm, divided by 0,0002908882, &c. firſi multiplied ' by the 7a. 
dius of the tables, exhibits in minutes the change in longitude, which will |, 
made on the rhumb of 45 degrees from the equator to that latitude; or the 
lengthened degrees in the meridian line from the equator to that latitude. 


DEMONSTRATION. 


The differences of longitude Ap, AE, ar, &c. being on the rhumb of 
45?, logarithms to C 4, o e, C/ &c. which begin from the radius, and 
proceed from thence, in like manner as Napier's logarithmic tangents do 
from his radius : | | | (II. 220 
| Therefore his logarithmic tangent of half the complement of any lt. 
tude bears to his radius the ratio of the arc of longitude accompanying the 
change of latitude to the radius of that arc, confruenihh it is the ratio of 
the number of minutes contained in that arc to the meaſure of the radius 
in minutes. 5 3 9 

Hence the logarithm will alfo be to the radius of the table multiplied 
by o, 02908882, &c. (the arc of one minute, when the radius is unitz) 
as the number of minutes in this arc is to the meaſure of the radius 
in minutes multiplied by o, 002908882, &c. that is, to one minute; 


for the meaſure of the radius in minutes is to one minute, as unity to 


o, co0 2908882, &c. ä | 


Therefore the number of minutes contained in the longitude, or the 


lengthened degrees in the' meridian line, is equal to the logarithm named, | 


divided by 0,0902908882, &c. firſt mulciplied by the radius of the table. 

26. Cor. Napier's radius being 100002009, the logarithmic tangent wil 
be divided by 2988,882, '_ | : > Con 

If the difference between the logaritimic tangents of half the comple- 
ments of any two latitudes, when on the fame ſide of the equator, or their 
ſum, if one latitude be north and the other ſouth, be divided in the (ime 
manner, the quotient ſhall give the meridional parts for the interval be- 
tween the two latitudes. = 


27. FEaEQOFOSITIO N XIV; 

If in Briggs's logarithms the index, or characteriſtic alme be con ſiclered as 
an integer, and all the rejl as an appendage of d:cimais, the difference bettwcen 
the logarithm of the radius, and the logarithmic tangent of haif the comple 
ment of the latitude of any place divided by 0,000126033114, Sc. gives the 
minutes of the change of longitude in palſing on the hun of 45 to the lati- 
tude of that place, or the meridional parts correſponding to that [utitude, 


DEMONSTRATION. 


Briggs's logarithms thus interpreted are to Napier's original loga- 
rithms, as 1 to Napier's logarithm of 10 (or rather to his lozarithm of the 


- ratio between 10 and 1) which is nearly 23225551 *, and the difference 


—— — 


ͤ— 


= The number uſually iet down, as Napier's logarithm of i. is more pro- 
perly his logarithri divided by the radius of his trigonometrical table, wich 
15 the radix from which he railed his logar.thms, | | 
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named are logarithms of — roſpeFre enges to the radius. There- 
fore theſe divided by 425851 nnen c.) will produce 
the ſame q iotient, as Napier's logarithras aſſigned to the ſame tangents 
(which are the logarithms of the ratio of thoſe tangents to the radius in 
his ſyſtem) divided by 2908, 882: this quotient therefore will be the 
minutes of the change of longitude on a rhumb of 45 that is, the length 
of the meridian line. | | LN 

28. Cor, If the difference from the radius of the logarithmic tangent, 
taken from any table of logarithms of Briggs's form, be confidered as 
coniifting wholly of integers, and divided by 12633114, c. in which fo. 
many figures, ſha!) be eſteemed integers, as arc four ſhort in number of 
the logarithmic tangent taken, the index included, the quotient {hall give 
the meridional parts appertaining to that Jatitude *. a] — 

Alſo here, if in any logarithmic table of the common form, the diffe- 
rence between the logarithmic tangents of half the complements of any 
two latitudes on the fame ſide of the equator, or their ſum if one latitude 
be north and the other ſouth, be conſidered, as an integer number, and 
divided in like manner, the quotient ſhall be the meridional parts for the 
interval between the two latitudes. 


- 


- ScHOLIUM. 

29. The numbers in Napier's table divided by 2908, 882, Oc. exhi- 
biting the change of longitude on a thumb of 45 the tangent of which 
js equal to the radius, the numbers themſelves will expreſs the change in 
Jongizude on a rhumb, the tangent of which is 2908, 882, c. times the 
radius, and the angle 89? 58“ 49“; and if the logarithm be divided by 
10, 100, or 1000, the angle of the rhumb will reſpectively be 89? 48” 
11”, 88* 1“ 527, or 71 1 42”, which is the angle Dr. Halley has 
choſen | | | 
After the ſame manner in Briggs's ſyſtem, the difference of the tan- 
gent of half the complement of any laticude from the radius divided by 
500012633114, Sc. exhibiting the correſponding length of the meridian 
line, ſhould the index of the logarithm be alone conſidered as an integet 
number, thoſe differences will be the change of longitude on a thumb, 
tie tangent of which is equal to the radius of any tri2onometrical canon 
of Briggs's form multiplied by 00 1263311438, Sc. and the angle 
0 0. But if one figure beſides the invex be aken as integer, the 
tingent of the rhumb will be the radius mültip ted by c,0012633, &c. the 
angle being o' 4 204; if two, the angle will be 43 25E ; i three, the 
angle will be 7 127 0%; and if four, as Dr. Halley propoſes, the angle 
will be 51 38“ 9”. Us 8 | 

From the preceding propoſitions all the problems relating to the true 
method of failing may be accurately reſolved ; and altho gh they are 
here all contained under the general title of globular failing, yet as the 


— 


Fr — 


—— 
— 


* Thus when the tables of logarithms have eight places with the index, 
the diviſor will be 1263,3, Oc. but when the tables conſiſt of 7 or 6 placcs, 
the diviſor will be 126,33, Ce. or 12,633, c,; and ſo on. 
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common cuſtom has been to diſii i different kinds, in which the 
longitude is conſidered ; ſo here, ini mpliance with ſuch cuſtom, it w,, 
thought proper to retain the uſual foFms, viz. parallel failing, middle lati. 
tude ſailing, and Mercater's ſailing, or more properly H/right's failing ; p 
which are diſtinctly treated of in the following ſections. 


RON MH: 
Of- Parallel Sailing. 

30. PARALLEL SAILING is the art of finding what diſtance a ſhip ſimul 
run due eaſt or weſt, in ſailing from the meridian of one place to that of an- 
other place, in any parallel of latitude, _ | 

This kind of piloting is generally uſed in conducting a ſhip to an iſland, 
which lies at a conſiderable diſtance from the main land, or other iflands; 
and alſo on ſome other occaſions, | N 

The method of performing which is to ſail to the parallel of Jatitude the 
place is in, keeping a good account, fo as to be certain whether the place 
is then to the eaſt ward, or weſtward; and alſo, if poſſible, to know the 
longitude arrived at; and then to run due weſt, or eaſt, until the ſhip 
comes near the longitude of the given place, where ſhe is fure to make the 
port required, a | Ss 

The computations in parallel failing depend on the following — 


55 | ; US 
31. As radius, | 


= N. 

To the co-ſine of the latitude of any parallel; = -6 

85 is the miles of longttude between any two meridians, =: 

To the diſtance of thoſe meridians in that parallel. * 
For the demonſtration, ſee Art. 7. | 

From the ſame propoſition is eaſily dedueed the following 
| RULE. 

32. As the co-fine of one latitude, = + 
| Is to the co-ſine of another latitude ; . | = 4 
So is a given meridional diſtance in the firſt parallel, * 

To the correſponding meridional diſtance in the ſecond parallel. = d. 


33. And hence ariſe the following proportionss 
Rn Uw EE 


8 3 ©” 
: 5 „ : 

JV 

D — 


By which all the ei iſes chat can happen in this kind of Cling are readily 
-refolved by the logarithms, and alſo by the following table, calculated for 
a difference of longitude of x degree, or 60 nautical miles of the equato!, 
by the firſt rule. Thus, | 
As radius, to the co. ſine of any latitude; ſuppoſe 30® 3 

So bo miles of longitude, to the meridional diſtance 51,96, 
And the like to the other latitudes  - 


344 


— —_— mw «at 
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the ; | 
BY ., 4 TABLE /hewins bow many miles anſwer to a degree of 
| 34+ 4 _— 2 8 
a. luongitude, at every degree of latitude, 6 
** | | * 8 
1 Lat. Miles Lat. Miles Lat. Niles Lat.] Miles Tat. Miles Lat. Mile 
159.90 16 57,67 31 51,43 46 [41,08 61 29,09 76 14.51 
2 59.96 17 57.38 32 50,88 47 40, 92 62 28,17 77 [13,50 
3 59,92 18 57,00 33 [50,32] 48 40.15 03 27, 24 78 12,48 
469.8049 6730 34 [49-74], 49 39•36 4 26,30 79 [11,45 
null 5 59.77 20 56, 8 35 49,15 50 38.57 ©5 25,36 80 [10,42] 
oy | 6 59:67 21 66, 010 36 48,54 51 37,76 66 24.41 81 9,38 
. 7 59,56 22 55,630 37 4792 52 36.94 67 23,44 828,35 
nd, 8 59.42 23 55,23 38 47,28 53 [36,11 68.22 48 834732 
ds; 9 59,26 24 54.810 39 46,63 54 35.20 69 21,50 84 | 6,28 
F 10 59.09 25 [54-38], 49 45,90 55 344 70 20,52 By | 5,23 
the — — —— — —— — — — 
Jace 11 58,89 20 53,930 41 45 +28 5633565 71 19,53 86 4,18 
the 12 [58,69] 27 53,4% 42 [44,59] 57 [32,08] 72 18.54 B7 | 3,14 
ſhip { 13 58,46 28 52,97 43 43,88 58 31,79% 73 17,54 88 | 2,09 
the 14 58,22 29 52,47 44 43,10 59 130,90\| 74 16,54 89 | 1,05 
15 57:95!) 30 51,90} 45 42.43 6o 30 0 75 115,53] go | 0,00| 


The uſe of this table will be evident from what follows : - ; 


: , 35. If the meridional diſtance is wanted to degrees and minutes, proceed 
| thus : : | | | 
- Þ, Take the difference-of the meridional diſtances to the given degrees, 


and thoſe which are next greater; multiply this difference by the given 
minutes, and divide the product by 60; then the quotient ſubtracted from 


the miles againſt the given degrees in the table, will leave the meridional 
diſtance required, | 


2 


36. But if a meridional diſtance, intermediate to thoſe in the table, bas 
given to find the correſponding degrees an minutes. | 
Subtract the given meridional diſtance from the next greater, found in 
the cable; multiply the remainder by 60; divide the product by the diffe- 
rence of the meridional diſtances next greater and leſs than the given one; 
ther the quotient being annexed as minutes to the degrees of the next 
greater meridional diſtance, will give the degrees and minutes ſought. 


Exam. to the firſt Rule. 
Hoto many miles anſwer to a degree 
ef lng, in the lat. of 48 26“? 
Lat. 48® 40,15 miles. 
Lat. 49 3,36 miles. 


27 


Exam. to the ſecond Rule. 


In what. lat. do 46,08 miles naſwer 
to one deg. of longitude © | 

| From 46,63, the miles to 399%. 
Take 46.08, the given miles. 


adily 
d for 
1ator, 


Leaves 0,55 ; which multip. by 60 
gives 33.00; inis divided by o, 67, the 
diff between 399 and 40%, gives 49'. 
80 39 49 is the lat, ſought. 

O 2 37. Cas E 


The diff. is o, 79, which multiplied 
by 26 gives 20,55; this divided by 
bo gives 0,38; which taken from 40,15 
leaves 39,77, the miles required, 


34. 4 
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if longitude is 384 miles: Required the diſtance ſhe has run. 
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37. Cas I. Given the latitude and difference of longitude ; require 
the diſtance, 


Ex am 4 foin 7 in the latitude of 22* N. ſails due eaſt till her ae, 


By Cons TRUCTION®, Fig. 4. Pl. XIII. 


From any point p, with the radius of 90%, taken from the ſcale of nu. 
ture lines, deſcribe the arc EQ; draw che chad EQ equal to 384 miles 
tacun from a ſcale of equal parts; and draw the radii PE, PQ, 

From the ſame poiat P, with a radius equal to the fine of 587 (the comp. 
lat.) taken from the nat. lines deſcribe the arc AB; and draw the chord 
AB, the mature of which is the diſtance fought. 

Here Þ repieſents he north pole; the arc Eq tne equator ; the arc ap 

a parallel of latitude z the chord EQ is the difference of longitude; the 
chord 43 is the meridional diſtance fought; A is the place failed from, ; 
the place arrived at; and the radii PE, PQ, expreſs the meridians of the 
Places o failed fom, and arrived at, 


By ComPUuTATION. 


As radius 90 Io, oocoo 
T'o co-ſ. lat. „ 9,2842 
So miles long. nz „„ 2,58433 
To miles diſt. =o 2,51275 


So that ſhe has run 3256 miles. 


By the TABLE, | 30 


Seek the miles to the given latitude; multiply them by the given diff. 
longitude ; the quotient divided by 60 will give the meridional diſtance 
fouzht. 

Thus. To lat. 32e anſwers 50,83 miles. 

Multiply 384 the given diff. longirade. | 


20352 
40704 
15204 


60)1953792(325,03z n diſt. ſought, 


— — 2 => — * * Fa — 


— — 


This and the conſtruction of 1 following caſes depend on the Ortho- 
graphic project. on by of the circles of the ſphere on the plane of the equator, 
that circle * the primitive. and its center or pole repreſenting the pciut 
ino whick the pole of the Faria is projected; conſequently the diſtance from 
the pole of any parallel of lat cule, muſt be expelled by the complement of 
that latityde. : 


+ This ;rojeQtion is formed by ſuppoſing that ny po; at on the ON of a _ e is i gjected on 


a plan: p aſſi $14 nh; unn it center, = 2 Ane drawn tron gu that pot Perg endicular £0 the £aane z 
which amau ts 19 thy ian, 28 if oF je vi: al ray came from an ce at an infinite diſtance. 
Inns in F g. 1 Pi. XIII. perpe md Wie es through , &, p: roge Qt thaſe poiats in t, 2, on tae 


plane FADE: 1 here tore mall circles on tar Pane are deſcribed with the radii E, Ear de 
K nes of the arcs P 2, 1 4 
| 38. Cal 


di 


Fr 


de 
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38. CASE II. Given the latitude and meridional diſtange; required the 
french of longitude. * 


Nee Exam. 4 ſhip from the latitude 539 36 N. longitude 10 18 E. Joe 
due weſt 2.3Þ miles: Required her preſent longitude. 
"By ConsTRUCTION. Fig. 4. Pl. XIII. 

na- From the point p, with the fine of g0?, and the co- ſine of 53 3605 
les eeſcrive the arcs EQ, cb. Draw the chord pg 236; througn c and 

| p draw the radii PE, PQ; then the chord Eq being drawn, will be tne 
ke diference of longitude, 8 
or | 

| By COMPUTATION. +1 6,0)39,8(6* 238. 
AR As pe, the co-l, lat. 33 360 4266, — — 
the To PE, radius N = 90 ©0 10,00005 | Long. from io 18K, 
'B do co, meridz diſt. = 236 m. 2.37291 Diff. long. 6 238 W. 
the . | . erg hs ths . e 

| To EG, diff. long. 397 2,5995 5 1 in 3 „40 E. 

By the 4111. 

Find the meridional diſtance to a deg. af long. in lat. 53? 36” (35), and 
make it a diviſor to the product of the given meridional diſtance by 60 ; 
then will the quotient be the diff. long. ſought. 

Thus. The diff. merid. diſt. to 53? ” and 545 is 0,8 5; which nai 
by 36, and divided by 60”, gives 0,51; this taken from 36,17, the merid. 
dit, to 53®, leaves 35,6 for the merid. ditt. to 53" 36“: Then 236 multi- 
plied by 60, and the quotient divided by 35,6, gives 3977 for the dift, long. 
ſought. | | 

34 
lf, 39. CasE III. Giren the di reins of longitude, and its correſponding | 
nce meridional diſtance ; required the parallel of Iatitude. 

Exam. In what latitude do 384 miles of meridional diftance anſwer to 
50 miles of . longitude? 

| By Cons TRUCTION. Fig. 5 Pl. XIII. 

From the point p, with the ſign of go?, deſcribe the arc EA; draw the 
chord EQ= 500, and draw the radii PE, PQ; make EC==384, draw CB 
parallel to EP; then the arc AB being deſcribed witi the radiue PB, is the 
parallel of lat. fought, | 

i By Com TAT TOR. 
tho⸗ As EQ, the diff. long. == 300 7, 30103 
tor, To a3, merid, diſt. = 384 _  2,53433} 80 in the lat. 39 49 
eint v0 PE, radius = 90% c& 10, ooooo 384 miles of merid. dift. 
rom | : m— do 500 miles of 
it of To ra, the co-ſ. lat. == 39 40 9,88 5 36 langitade. 

| Br 


By the An 
The given merid. diſt. 384 being multiplied by 60, and the product 
divided by the given diff. long. $00, gives 46,08, the merid. diſt. to one 
dez. of long. in the lat. fought : and by article 36, the latitude will be 
found to be 39 49. | 


03 40. Cast 
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and 42,8: then the given merid. diſtance 256 multiplied by 42, &, and 
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40. CAsE IV. Given the diſtance of two places in a given parallel of 
latitude ; required the diſtance of two other places, under the ſame meri. 
dians with the former, in another given parallel of latitude. 


Exam. From two ports in tbe lat. 32? 200 N. diſtant 256 miles, tw 


ſhips ſail directly north : How for are they diſtant from one another, when 


9 come to the lat. 44 300 N.? 


By Cons TRUCT IOM. Fig. 6, Pl. XIII. : 
From the point p, with radii equal to the co- ſines of 32* 20/, and 
44 30% deſcribe: the arcs AB, DE; draw the chord AB=256, ba dray 
PA, PB; then will the chord DE be the diſt. ſought. 


| By COMPUTATION. 0 
As Pa, the co-ſ. of lat. from = 932 20 - ©,07317 


To rp, the co-ſ. of lat. in = 44, 30 9,85 324 
So 4s, the firſt diſt. = 256 2,40824 
To vs, the preſent diſt. = 


a 2:33455 


| By the TABLE, 
| The merid. diſtances to 32 20/, and 44 300 (found by 5 are 50,7 


the product 1095,68 divided by 50,7, the ; 216,1 is the meridiond 
diſtance ſought. 


41. CAsE V. Given the diſtances between the FREE two meridians i in 


different parallels, and alſo the latitude of one parallel, to find the latitude 


of the other, 


Ex ARI. If two ſhips in the lat. 44* 30/ N. diſtant from 0 one another 216 
miles, ſhauld both fail directly fouth, until their diflance is 2 8 miles; what 


latitude are they come to? 
By ConsTRUCTION. Fig. 7. Pl. XIII. 


From p, with a radius of the co- fine of 44 300, the lat. failed from, 
deſcribe the arc DE; draw the chord DE=216; and through P and x 


draw PA, PB; continue DE till BF=256 z through F draw FP parallel to 


PA, meeting PB in ;; then an arc deforibad from e, through B and 4A 
will be the parallel of latitude come to. 


By CompuTATION | 5 55 
As De, the firſt diſt. 8 7.665 54 
To as, the ſecond diſt. = 256 2, 40824 
So PD, the co-ſ. lat. from = 44 30 9,85 324 


To ra, the co-ſ. lat. in — 32 TY 9,92702 


[ 


By the TABLE. 
To lat. 44 30 find (35) the mer. diſt. 42,8 ; this multiplied by 256, 
and the product divided by 216, gives 50, 72; which (by 36)will be found 
to be the merid. diſt, to 37 177 the latitude ſought. 


. Other 
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42. Other examples to exerciſe the foregoing caſes. 


Ex. I. What is the diſtance between St. Mary's in lat 37 Oo N. long. 255 
00 V. and Cape Henry in lat. 37? oO N. long. 76² 23 F of ON 


As rad. : co-ſ. lat. 37 oO“ : : diff. Jong, 3083 : diſt, 2462. 


Ex. II. 4 ſhip from Cape Clear ſails weſt 265 miles; what long. is ſhe 
come to? | 3 


As co-ſ. lat. 5 1 187“: radius: : merid. diſt. 265: diff. long. 423,8. 
Anſwer. The preſent longitude is 16? 54' W. 85 


Ex. III. A bib having run due eaſt for 3 days, at the rate of 5 knots an 
hour, finds ſhe has altered her longitude 8* 160; what parallel of latitude did 
ſhe ſail in? 1 e | 


As diff, Jong. 496 : merid. diſt. 260 : rad, : co-f. lat. 43* 28% 


Tx. IV. Suppoſe two ſhips in the parallel of 47 54 N. their: difference 
of ling. being q 35”, ſhould both ſail direfly ſouth 836 miles; hav far were 
they from each other when they ſet out, and alſo after they had run that diftance? 


As rad, : co-ſ. lat. 47* 54/: : diff. long. 575: firſt merid. diſt. 38 5, 5m. 
Now 836 miles = 13? 50/7; therefore the lat. come to is 33% 58/. 
As rad. : co-ſ. lat. 33* 58/ : : diff, long. 575 : laſt merid. diſt. 476, m. 


Ex. V. What is the diff. lat. between two parallels on diff. fides of the | 


equator, when, between the ſame two meridians, the meridional diſtance in 
the northern parallel is AB =2.38 miles, in the ſouthern paraliel is CH=195 
miles, and at the equator is EQ=352 miles? | 


As diff. long. 352 : north. mer. diſt. 238 : : rad, : co-f. lat. 47 2 N. 
As diff. long. 352 : ſouth. mer. diſt. 195: : rad. : co-l. lat. 56 22“ 8. 
Then the ſum of theſe two latitudes, vix. 1035 40 is the diff. lat, ſought, 


In this figure 8, Pl. XIII. P is the north pole, and s is the ſouth pole; 
but the conſtruction on one fide of the equator is ſufficient, as is evident 
by drawing e d parallel to PE, and dc parallel to E. 

The difference of longitude and meridional diſtances may be conſidered 
as tangents to their reſpective arcs, as well as chords. (II. 185) 


Among the natural ſcales on the Gunter, are two, which uſed jointly, 
anſwer the end of the foregoing table: theſe are a ſcale of chords marked 
CH, and a ſcale of longitude marked ML, ſtanding cloſe to one another; 
they are thus uſed: Op | h 

Find the given latitude on the ſcale of chords, and right againſt it, in 


the ſcale of longitude, is the diviſion exprefling the miles f merid. diſ- 


tance in that lat. to one degree of longitude. 
Thus againſt the chord 60 ſtands 30 miles; the chord 50 ſtands 
between 38 and3g miles: and fo of the reſt, 1 8 
__ , O4 SECTION 
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HSETCTITON 
Of Middle Latitude, and Mercator's ſailings. 
Of Middle Latitude ſailing. 


42. MinDDLE LATITUDE SAILING is @ manner of floing the freer 
_ Caſes of globular ſailing, by the * of plane and parallel ſailing juin, 


This method, which is not quite accurate, i is founded on the following 
2 — | 


44. The 1 is reckoned as a meridional diſtance in that latitud, 
r 15 4 middle parallel between the latitude ſailed Frans. and the latitude 


Now althougÞ the arithmetical mean of the co- ſines of two diſtant lati. 
tudes is not the co-fine of the arithmetical mean of thoſe latitudes ; neither 
is the departure between two places on an oblique rhumb equal to the 
diſtance between their meridians in a mean latitude z yet when the pa- 
rallels of thoſe places are near the equator, or not far diſtant from one an- 
other, in any latitude, the error becomes ſo ſmall, as not materially to 
affect the nautical concluſic ons s drawn from the foregoing ſuppoſition. 


This artifice ſcems to have . 3 on account of the eaſy manner 
in which the ſeveral caſes may be reſolved by tne Traverſe Table, and 


where a table of meridional parts is wanting, The . depend 
on ny foilowing rules, 


Lows KR 
45. If the places are on the ſame fide of the equator, add the latitude 
failcd from to the latitude arrived at, and take half the ſum for the midciz 


latitude ; but if they are on different hdes, half their difference is thc 
middle latituge, 


L, 


Rures II. 
46, As he co-fine of the middle latitude, | = © 
Is to the radius; | : = R. 
So is the departure, 8 
To the difference of longitude. = 
Evie HE | 
45. As the foe of the middle latitude, = © 
Is to the tangent of the courſe ; = . 
So is the difference of latitude, Tx 


To the difference of longitude, 


The ſecond rule is the lame as the firſt rule! in parallel failing, which 
1s * at art. 7. 


Demonſiratim 


Poo 


r OE ER es 


55 


51 
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Demonſtration of the third rule. 


Now co-f. mid. lat.: rad.: : departure: diff, long. 1 
Therefore rad. x dep, -. mid lat. x diff long. (II. 162) 
Alſo diff. lat.: depart; ; : rag. : tang. cour'e. | (VII. 26) 
| Therefore rad. x dep. = iff. la. & tang, courſe, | (II. * | 
Conſequeutly co-{,/mid. at. x diff. long. diff. lat. x t.courſe. (II. 46 


Therefore co-C, wid. lat: tang. courſe : : diff. lat: diff, long. (II. 163) 


From rules II. and III. ariſe the following proportians. 


L - D-: 3m R = C. P : L D 


81S 3 
1: . +:Þ | 1 


I »- M0 
. - »: 


, Where the letters ſignify the names they ſtand againſt in the rules. 


Of Mercator's ſailing. 


48. MERCATOR's SAILING is the art 5 reſolving the ſeveral caſes of 


Glbular ſailing by Plane Trigonometry, with the affftance of a table of mers- 
dimal parts, or of lagarithmic tangents, | | 


— 3 EY * * 
— * 


The computations herein are performed by the following rules. {15) - 
7 - 09 RuLe I. 44 0-5-1 hel} . 
To diff. longitude ; = be R 1 23 WS. X 
So is the radius, 2 *. T 21 1 wü; é | 
To tang. courſe. OT | 
. . Therefore 
As the prop. diff. lat. 2 | Bo 
To the departure | = De „ 0 3 0 
So mer. diff lat. = „ N *- L215 0 
To diff. longitude 3 
Theſe rules are demonſtrated at Prop. IV. 
51. RuLe III. | Therefore 
As diff. log. tang. f co-lats. = Kd. M E Lo 
To tang of 38 09773, = wn © 
So is a given diff, Jong, = 1. T7 5 1; WM 


I tang. courſe, Wh: | = 
For the demon?ration of this analogy, ſee Prop. XIII. (29) 


WY 


— 2 


* The log, tang. of 51 38' og” is 10, 10151; its ar. co. is 9,89849. (J. 88) 


Tie decimai part of this Jog. tang. anſwers alſo to 850 28“ 37”; and to 899 32" 
47 and to 89 57 15; their indices being 11, 12, 13: So that at either of 


tneſe angles, the diff of longitude will be ſhewn by the diff. of the log. tang. of 
the half co-lats. ſailed from and come unto ; obſerving that the number of n+ 
ger places in s becomes one more, for each unit that the index is increaſed. 


rr 
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CAsE I. When both places are on one ſide of the equator. 

RuLE I. The difference of the meridional parts anſwering to each » 
fitude will give the meridional difference of latitude required. | 

RuLE II. The difference of the log. tangents of the half co-latitude 
divided by 12,63, will give the meridional difference of latitude require 


Ex AM. I. What is the meridional difference of latitude between the 2 


of St. Thomas and Gibraltar? 


By the meridional parts. 

Gibraltar lat. 360 og' N, 

St. Thomas's lat. oo oo 
Merid. parts to 36 og 
Mertd. parts to oo oe 


Merid. diff. lat. 


— 


* 
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PROBLEM I. 


52. 3 the latitudes of two places 
Required the meridional difference of latitude hetween theſe plac 


| 


2324 
0000| 


: — 


Co-lat.=53* 55”; + co- lat. 0e go! 
Co-lat—=go O0; 4 co-lat.=4; 00 


1 


By the log. tangeries, 


Log. tang. 
Log. tang. 


10,00000 to 45 00 
9.70638 to 26 571 


12563) 29362 (2325 


4102 


3130 


— — 


"$040 0 


Ex AM. II. What is the meridional di —_—_ of latitude between the Li. 


zard and Cape VLerd? 


| By the meridional parts, 

C. Verd's lat. X. 

Lizard's lat. 37 N. 
Merid. parts to 49 57 
Merid. parts to 14 47 


Merid. diff. lat. = 


897 
2573 


3470 


By the log. tangents. 
Co-lat.==75% 193 5 co- lat. 37e 561 
Co- lat. 40 03 ; 4 co lat. 20 01; 

Log. tang. 9, 88668 to 37 zo 

Log. tang. 9.56166 to 20 0l; 


12,63) ter- m . 


53. C As II. When the given olaces are on different ſides of the 


equator. 


„ 


RuLE l. The ſum of the meridional parts anſwering to each Jatituc 
will be the meridional difference of latitude required. 

RuLe II. The ſum of the log: co-tangents, abating the index, of the 
half co-Jatitudes, divided by 12,63, will be the meridional difference d 


latitude required. 


and the Iſland of St. Helena? 

| By the mericional parts. 

C. Verd's lat. 14 47 * 

St. Helena 3 358 
Merid. parts to 15 55 
Merid. parts to 14 47 


| Merid. diff. lat. to = 


3 


| +4 Exam. What is the meridional difference of latitude between * Dirk, 


By the log. tangents, 


Co-lat,—74 og ; 4 co-lat.—37 0; 
Log. co-t. o, 11332 to 37 30 
Log. co-t. o, 12223 to 37 02 


ß ——ͤ — 


12,63) 2355501865 


PRO. 


Co-lat.—750 13; 4 co-lat.=37 36; 


rl, 


Lt. 


The latitude ſought.- 
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. PROBLEM Hl. 
” Given the lat. of one place, and the merid. diff. Jat. between that and 


another place: 


Fg 


Required the latitude of the ether place. | 


' Casz I. When the given lat. and mer. diff. lat, have like names. 


Ruts I. To the merid. parts of the given lat. add the given meridi- 
onal diff. lat.; ſeek the ſum in the table of meridional parts, and the cor- 
reſponding degrees and minutes give the latitude ſought. 

Route II. Multiply the given merid. diff. lat. by 12,63; ſubtract the 
ſroduct, rejecting all to the right of the 5th decimal place *, from the log. 
tang. of the given half-co lat. ; ſeek the degrees to the remainder among 
the log. tang. and theſe deg. doubled give the co-lat. required. 


Exam. A ſhip from the lat. 14* 4 1 N. ſails northward till ſbe finds her 
merid, diff. lat. is 2578 ; what latitude is ſhe come to? | | 


By meridional parts, | By log. tangent. 
To the lat, 14 43 N. The co-lat. is 755 17'; f co-lat. 35 38. 


The mer. parts == 83 N. And 2578 muluplied by 12,63, gives 
Add mer. diff, lat, = 2578 N, 32560, 14. 

— From 9.88707 = log. tang, 37 38 
The ſum is n Take o, 32560 — 
Which anſwers to 49? 58 N, | [Leaves 9,56147=log. tang. 29% O1. 


Which doubled is 402 027. 2 
OR | IWhoſe comp. is 49 5 lat. ſought, 

55. CAsE II. When the given lat. and meridional diff, lat. have un- 
like names. ET 15 | 35 5 | 4 
RuLe I. Take the difference between the meridional parts of the given 
latitude and the meridional diff. lat. the remainder found in the table of 
meridional parts will give the latitude fought. IN 

RULE II. Multiply the given meridional diff. lat. by 12,63; add the 
product to the log. tan. of the given half co-latitude, the degrees anſwer- 
ing to the ſum, conſidered as a tangent, being doubled, gives the co-lati- 
tude required, | 5 i 


Ex AM. A fhip from the latitude 40 57 N. ſails ſouthward till her me- 
ridional diff. lat. is 2578; what latitude is ſhe come to? g 
By meridional parts. [ By log. tangents. 

To the lat. 49® 57' N. | Co-lat. 409037; 2 co- lat. 200 or. 

The merid, parts == 3470 N. And 2578 * 12,63==32560,14. 
Sabt. merid. diff. lat. = 2578 8. To 9,56146=log. tang. 200. 


| — — Add o, 325 60 
Remain merid. parts 892 —— 
— Sum 9, 88706 log. tang. 37* or. 
Which anſwers to 13 42 N. YL 
The latitude come to. Which doubled is 75167. 


Whoſe comp, is 14 44==lat. 


1 — i. 


— 2 


2 
— — — —— 


* That is, rejecting all below the number of places in the tables uſed. 
| EE 3 5 PR O. 


—— 
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PROBLEM III. 


55. Given the latitudes and longitudes of two places: 
Required their bearing and diſtance, 


Exam. I hat ig the courſe and diſtance from Cape Clear i in Treland, to th 
ſand of St. Marggone of the Azores ? 


By MIDDLE LATITUDE SAILING. 


C. Clear's lat. 51? 18“ N. | Long. e co W. 
St. Mary's lat. 37 oo N. Long. 25 oO W. | 0 
Diff. lat. 14 1822858 m. Diff. long. 15 ing m. 


1 — — — 


By e Ps 9. Plate Xu. 


Draw the meridian Ap; deſcribe the quadrant A m þ with the fine of 
90? „and the arc EF with the oo-ſine of the middle latitude. Make the 
chord mz equal to 910, the diff. longitude ; draw AB cutting the arc br 
in F, and draw the chord EF. Made Ap equal to 8 58, the diff. lat. dra 
De parallel to A p and equal to EF: and draw ac. | 
"Then AC is the diſtance, and the angle DAC is the courſe. 


PO Wor 

way + _— 0 GS - 9 

, r 
8 SIR 


* w > SA CAR 8 : * F * — 8 
a * T * K 
— — Co SA „„ — —— —— 35 


By Co MPU TAT ION. 
Por I. For the Diftance. = 


. FLAT EE” de. To 
As Ki lat, | = 858 7,06651] As co. ſ. cour. = 37% 16" 0,0991 
To diff. long. = 910 | 2,95904\ To diff. lat, = 858 2593340 
So co-ſ. m. lat. 44 09 9585583 So rad,  =_gc? o 10,0000 


——— 


To tar g. cour. = 37 16 9,88 138 To diſt. 1078 30320 


— — 


By the TRAVERSE TABLE. 


11. With the co-mid. lat. found among the degrees, and the diff. |on- 
zitude, or ſome part of it (if the whole is too large), taken among the 
aiſtances, find the departure, or ſome part of it, in its column: 


Obſcrving to multiply this depart. by the fame number the diff, longi- 
tude was divided by. 

2d. With the diff. lat. and dep. together, or their like parts, find the 
eourſe among the degrees, and the diſtance in its column. 

Let the dif, long. 910 be broken into parts 3 VIZ. into 100 taken nine 
times, and into 10: And as the co-mid. lat. is 45? 51/ or 45%; proceed 
thus? | 

The departures to 220, i bs the columns..of 45* and 469, are 70,7 and 
719 3 the diff. is 1,23 + parts thereof is, 1,0 ; which added to 70,7 makes 
31,7; for the dep. to 100; and for 900 it will be 5, 3. Alio, the de. 
partures to 10 in the columns of 45 and 46%, are 7,07 and 7,19; 5 of 
their diff. 1,0, and this with 9,07 makes 7,17 the dep. to 10; and the 
whole dep. 265258. | 

Now take 28 of the diff. lat. 858, and of the dep. 65,25, viz. 4259 and 
32,62, theſe will be found * under 37 15” for the courſe; and 


between 


-. 
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between 53 and 54 diſt.; ſuppoſe 53,9; which taken 20 times gives 
1048 for the diſtance. g 


By MERCATOR's SAILING, 


$7- : p , 7 * 
ws C. Clear long. 9 co' W. | Lat. 5 1 18” | Mer. parts 3597 
10 fr BY St. Mary's long. 25 Oo W. Lat. 37 oo | Mer, parts 2393 
| Diff. long. „ Diff. lat. 14 18 | Mer. diff. lat. 1204 
or 910 miles, Or $;8:miles. | . © : 


"By CoNnsTRUCTION. Fig. 17. Plate XIII. 

Draw the meridian AB, and deſcribe the quadrant Am p; make AD 
2858, the proper diff. lat. and AB = 1204, the meridional diff. lat.; 
draw Dc, BE, parallel to A?; make BE equal to 910, the diff. long. and 
draw AE. | 5 25 — | | | 

Then A is the place of Cape Clear, © that of St. Mary's; AC is the 
diſtance, op the departure, and the angle DAC is the courſe. - 


___ComPurTATION by Meridional Parts. 
For the Courſe. 5 For the Diſtance. 
u: 1 T . i mne : AS: 4 nn 
As mer. d. lat. = 1204 6, 91937 As co-ſ. cour. 372 05” o, 09813 
To diff. long. = 910 2,95 904 To prop. d. lat. = 858 2,93349 
80 rad. = 45* 00” Þ 10,00000|S0 rad. 900 Oo 10,00000 


To tan. cour. = 37 5 9.87841 To diſt. 1075 3.03162 


ö — — — - >, 


CoMPUTATION by Logarithmic Tangents. 


WH 


C. Clear's lat, 312 18” © Co-lat.. 289 42" 2 co-lat. 19* 21. 
3267 St. Mary's lat. 37 oo Co-lat. 53 00. 2 2 co lat. 5 26 30. : 
_ To z co-lat. 269 30“, its log. tang. = 9.69774 

To & co-lat. 19 21, its log. tang. => 9,54552 
lon- | | Difference = 1522, = 0. 
| For the Courſe, "Re For the Diſtance. 
Nt * © 51 PII b | 
8 hs 0 „ The diſtance will be the ſanag as 


in the former computation z for the 

90 dif, long. . diff. of a min. in tie courſe will not 
8 91 » 95904 cauſe a diff, of a mile in the diſtance 

To tang, cour. 37? 04 9,87814 of the two places. ; 


———— Wm 7 IR 7 —ẽ — 


Tow 10,1011 


By the TRA VERSE TABLE. 
deek the meridional diff. lat. and diff. long. together, as if they were 


a; Gt, lat. and departure, and the courſe is given among the degrees. 
5 of Then with the courſe and proper diff. lat. find the diſtance. | 
| the Thus taking z th of 1204 and 910, viz. 60,2 and 45,5 ; they will b 


found together under 37” OO for the courſe. e 
And taking th of the diff. lat. 8 58, viz. 42,9, and the courſe 37* -0', 
tires about 53,8 for the diſt. which taken 20 times gives 1076 diſt. 

8 | | | P R Os 


#4, 


_ 
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PROBLEM IV. 


OED SS . | Pre 
58. Given the bearing and latitudes of two places. 5 
Required the diſtance and difference of longitude. Dif 
Ex AM. A ſhip which had taken her departure from a place in latin, 
37 O NM. longitude 22* 56 W. fleers N. 33* 1of E.; and cloudy weathy Dr 
coming on, ſhe got no obſervation till eight days after, and then found herſi Det 
in latitude 5 1 18' N, Required her true diſtance and preſent longitude, c 
| | | t 
By MIDDLE LATITUDE SAILING: | wr. 
Depart. lat. 37“ oo NM. | Sum of the latitudes 88⁰ jy 
Preſent lat. 51 18 N. = | — | 
e HY | Mid. lat. | | 44 09 Cn. 4 
Dif, lat. 14 18=858 m. | LAGER. : 
5 Co mid. lat. J „0 
Alt - | — © r: 
By Cons TRUCTIoNn. Fig. 10. Plate XIII. 
Draw the meridian Ap 858, the diff. lat. deſcribe the quadrant a n þ; To 
make mn c equal to 33* 19”, the courfe : draw DC parallel to A p meetin 
the rhumb Ac, drawn through c, in m c: with the fine of the co-mid. lat, 
45 51', deſcribe the arc EF, in which apply the departure pc, from E to 
F: draw AB through F, and draw the chord mn B. pg | 
Then is AC the diſtance run, and m 8 the diff. longitude, 
By ComPUTATION. 7 
For the diſtance. | For the aff. longitude. 1 
— t QA c. S „ 3 wk 10 7 
As co-1. cour. = 33 19“ o, 7798 As co-ſ. m. lat. = 44% og o, 14400 ; 
Tq af. lat. = 858 2,93349| To tang. cour. = 33 19 98177 
So rad. = yo? O le, oooo0 So diff. lat. == 858 293349 
To diſt, du 28 diff. long. 2 76 2, 8954 in 
| | Now 220 56/ W. = Dep. long. 
60)786(13 06 E. = Diff. long. T; 
| 9 50 W. = Preſ, long. 
By the TRAVERSE TABLE. | 
1ſt. With the courſe among the degrees, and the diff. lat. in its prope! 
column, find the departure and diſtance, in their columns. = | 
2d. With the co-mid. lat. among the degrees, and the departure in is 
column, find the diff. long. among the diſtances = | | lu 
Thus taking the 28 of diff. lat. 858, viz. 42,9; with it, and the courk 
2333, the departure will be found 28, 1, and the diſt. 51, 3; eech being 4. 
multiplied by 20, gives 562 for the departure, and 1026 for the diſtance. ar 
The co- mid. lat. 45 51/, or 4583 degfees, and 28, 1 2s of the depar- Ic 
ture, will give 39,5 in the column of diſtances ; which being multiplied 
by 20, gives 799 for the difference of longitude, N 


59. by 
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By MERCATOR'S SAILING. 


| Cons TRUCTION. | Fig. 18. Plate XIII. 


Itul 2 

athy Draw a meridian AB, in which take AB = 1204, the mer. diff, lat. and 
ere 10 =858, the proper diff. lat. Deſcribe the quadrant a n p, and take 
6. e335 10/ the courſe : through B and d, draw BE, Dc, parallel to A p, 


meeting the rhumb drawn through A and ein the points E, c. 
Then is Ac the diſtance, and BE the diff. longitude. 


i ComPpUTATION by Meridional Parts: 1 
my For the diſtanctde. For the diff. longitude. _ 

09 bu. bea: LMS AC. n W’ mes. 
OY As co-ſ. cour. = 33 19 0,07798| As rad. = 99% o&' 10, ooo 
a To diff. lat. == 858 2.93349 To tang. cour. = 33 19 9.81776 

9 So radius == 900 o0' 10,00000 | So m. diff. lat. = 1204 3,08c63 
mb; To diſt, = 1027 „ 3,0114/Te diff. long. 791,4 | 2, 89839 
1 Now if from a 3 Dep. long. 
(la 


There be taken 60)791 (13 11 E. = Diff. long. 


Then 9 45 W. = Pref. long. 


ComPUTATION by Logarithmic Tangents, 
Departed lat. 379 oof N. Co-lat. 83 oo” RL $6 2 
Preſent lat. 54 18 N. Co-lat. 38 42 1 co-lat. 19 27. 


To + co-lat. 269 30', its log, tang. _ 9.69774. 
To 2 co-lat. 19 21, its log. tang.. = 9.54552 


| Difference 1522,2=6, 
For the diſtance. ES or the diff. longitude. 


? 
apc: AB:: R: Ac. m: 6: 7 4s 
| | 4 As N — 9589849 
TE | oe 16 3.18241 
The diſtance is found as above. So tang. cour. = 332 197 9.81776 


| | To diff. long. 2 791,8 2, 89866 


* "fly 


* By the TRA VERSE TABLE. 

With the courſe among the degrees, and the diff, lat. found in the co- 
lumn of lat. find the diſtance in its column. 

With the courſe among the degrees, and the mer. diff. lat. in the co- 
lumn of lat. find the correſponding dep. and take it for the diff. Jong. 

Now zoth of 858, the diff. lat. and of 1204, the mer. diff. lat. are 
42,9 and 60,2. Then, under 33 15, the diff. lat. 42,9 falls between 51 
and 52 in the diſtances, take it 51,5 ; which multiplied by 20 gives 1030 
for the diſanc. | 5 

And under 33? 15% the mer. diff. lat. falls againſt 30, 48 of departure, 
Which multiplied by 20 gives 780,6 for the diff, longitude. 20 


ene d lat. 37 oO N. | Mer. parts 2393 
Preſent lat. 51 18 N. Mer. parts | | 3597 
Diff. lat. 14 18 = 858 m. | Mer. diff. lat, 1204 
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then che correſpanding diſt. is the diff. long. ſought. 


PROBLEM V. 


60. Given one latitude, courſe and diſtance: ' 
| Required the other latitude aud diff. longitude, | 
Exam. A ſhip takes her departure from a place in lat 51 187 V Ing A 
9 50“ W.; and ſteers S. 33* O MW. fill ſhe has run 1024. miles: Requird 
ber preſent latitude and longitude, . 
By MIDDLE LATITVUD E SAILING. - 
| | | 
By Cons TRUCTION. Fig. 11. Plate XIII. Se 
Draw a meridian AD, and deſcribe the quadrant Am p; make the 2 T 
mc 3008“, the courſe; in the rhumb drawn through c, take ACZ10%, 
the diiance : draw CD parallel to A p, meeting AD in D. 
| By CoMPUTATION. Oy A 
For the diff. latitude. Now 5 1 18” N. = Dep. lat, T 
fia. pc: AD. 60)857(14 17 S. = Diff, lat. 80 
As rad... ' 9c 0 10,00000| — | | 1 
To diſt. = 1024 3,0 1030 37 %%% Moan Pref. lat, 
$9 £o-C.:cour. = 330 & 92293 — 1 | 
* 88 19 == Sum of the hit be 
3857.5 25.9332 . | 
_ | ac | 44 O == Mid. lat, 
Fer the diff. longitude. | . 
: 1. RR... = = Co-m. lat, 
a. lag = 44% 09' ©, 1 | 9 
T7 BE eel IE 7 2 * Then in the arc EF, deſcribed 
So ditf. lat. . 8575 2,93323 with the ſin. co-mid. lat. 45" 51. 
| —— — apply op from E to F: through; 5 
To diff. long. = 7800, 1 2,9213 draw AB, cutting the arc cp in!. 
1 L | —— then, u B being drawn, will be ihe 
| Now pe 50 W. = Dep. long. diff. long. ſougnt. 
60) 780 (13 oo W. = Diff. long. | 
22 50 W.—Prel. long, | | . A 
W e, = * T 
| bl 


By the TRAVERSE TABLE. 


With che courſe found among the degrees, and the diſtance in its eo. 
lumn, find the dep. and diff. lat.; and hence find the other lat. 


Seek the co-mid. lat. among the degrees, and the dep. in its column, 


Thus. Unger the courſe 33? 15), and againit the diſt, 51,2, which ö 
the 20th part of ic24, ſtands lat. 42.7 ; dep. 28. | 
Then 42,X 20 = 54 m. = 14 14 the diff. lat. 
Hence 11e pref. lat. is 37% O4 N.; and the co- mid. lat. 45 4. 
+ vain, Over the degrees 45 40% the ncareſt dep.*o 28 Nauds agail 
in u Ciftances. | 5 | | 
T hen 39 & 20=780 m. the diff. longitude, 1 
| | 7 


7 
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| By MERcATOR'S SAILING. 
"Ivy ConsSTRUCTION. Fig. 19. Plate XIII. 
Draw the meridian AB, deſcribe the quadrant Am p; make the are 
' nc=33 08“, the courſe. In the rhumb Ac drawn through c, take 
ac=1Cc24 miles, the diſt. ; and draw cp parallel to a p. | 
CoMPUTATION by Meridional Parts. | 
For the diff. latitude. Now $51*18'N., = Deep. lat. 


As rad. : AC :; fin. AC: AD. j60) 857 (14 17 8. Dif. lat. 
As rad. 90 oO 10,0000 . 


lng, 
ur 


To diſt. = 1024 3,01030 % Ne = Pre la 
80 co-ſ. cour. 33908“  9,92293 3 55 | 
_ | [o 51918 merid. parts = 3597 
Ie are To pro. diff. lat. = 857,5 2,93323] To 37 o1 merid. parts = 2394 
10 | — _ | | | 
I For the diff. longitude, Merid. diff. lat. = 1203 
ASR . 3 
As rad. | go® oo 10,00000 


33 08 9,81473 Make an=1203; through B draw 
1203 3,08026|BE parallel to Ap, meeting AC con- 


—— ſrtinued in E; then BE is the diff, 
785,2 2-$9499}1ongirude. 5 nen 1 


To tang. cour. 
So mer. d. lat. 


To diff. long. 


Now ge 5” W. = Dep. long. = 
60)735(13 5 W. = Diff. long. 
12 33 We: 
CoMPUTATION by Logarithmic Tangents. 
The diff, lat. and preſent lat. being found as above. 
Dep. lat. Det. 4 19 21". 
2 co-lat. 26 294 


Pref. long. : | 


3 51. Pref, lat. 37 01. Co-lat. 52 59. 

ugh r Io z co-lat. 269 2927, its log. tang. = -29,69758 

| 5 To z co-lat. 19 21, its log. tang. = 9.5455 2 
Difference 1. = 1520.6 2. 


— 


A R © . Now ge o W. = Dep. long 
As x 2 9,8984960) 7860613 06 W. = Diff. long. 
To 3 3.18213 X | g 
$0 tan. cour. = 33* 08 9.81473 22 56 W. = Pref long. 
To diff. long. = 7859  2,89535 


its co | | 
| By the TRaverse TABLE. 

With the courſe and diſtance, find the diff. latitude. 

From thence find the preſent lat. and the mers diff. latitude. 

With the courſe, and the mer, diff. lat. taken in the column of lat. 
nd the correſponding dep. which will be the diff. longitude. | 

T hus zsth ef the diſt. 1024 is 51,2. Then under the courſe 33 15 
againſt 51,2 among the diſtances, ſtands 42, 7 in col. of lat. And 42,7 x 20 
gives 854; ſo the diff. lat. is 14% 14“; the preſent lat. is 37* 04' N. and 
the mer. diff. lat. is 1200; th of which is 60,0. | 

To the courſe 33* 15', againſt lat. $0,0, or its neareſt 60,21, ſtands 39,48; 
61. I TEE. 5 8 7 
| which multiplied by 20 gives 780,6 for the diff. long. required. 50 


olumn, 


hich b 


againſ 
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5 PROBLEM VI. 
62. Given the latitudes of two places, and their diſtance: 
Required their bearing, and difference of longitude. N 
Exam. A hip in lat. 5 1 18 N. long. 22% 06 Wi is bound to à plate ing}, 
SE. quarter, diſtant 1024 miles, and in lat. 376 00' N.: what is her giz 
courſe, and hot much muſt ſhe alter her long. to arrive at the deſired port? 


By MIDDLE LATITUDE SAILING, 


Lat. from 5 1˙ 18'N. ]Sum of the latitudes 880 19 
Lat. to 37 00 N. — 
| — IMiddle latitude e Why 

Diff. lat. 14 18 = 858 miles. | | : — 

— mimoms Co- middle latitude 45 8. 


Buy ConsTRUCTION. Fig. 12. Plate XIII. 

Draw the meridian av=858 miles; defcribe the quadrant A m p: from 

A2, with 1024 miles, the given diſtance, cut pc, drawn parallel to ), 
in C; draw Ac. In the arc Er, deſcribed with the ſine of 45 51', the 
-co-middle lat., apply the departure Dc from E to F ; through F draw az, 

and draw the chord Bm. 15 | 5 

: Then the courſe is meaſured by the arc mc; and the diff. long, by the 
ine m B. . 


- 


By CoMPUTATION. 


Fer the courſes For the diff. longitude, 
r iin. 2c. | E 1. 
As diſt. = 1024 6, 98970 As co- ſ. m. lat. 44 og 0,144 
To rad. = 9g0* 00' lo, oooceſ To tan. cour. = 33 og 9,81390 
So diff. lat. == 858 2,93349|So diff. lat. == 858 2,93349 
To co-f. cour. = 33% 05” 9.,92319|To diff. long, = 779 2,89156 


| Now 22206 W. = Long. from, 
Courſe SE. b. S. nearly.  [60)779(12 59 E. = Diff. long. 


9 07 W. == Pref, long. 
| By the TRAVERSE Taste, 

With the diſtance and diff. lat. in their columns, find the courſe among 
the degrees, and the dep. in its column. | 

With the co- middle lat. among the degrees, and the dep. in its column 


find the diff. long. among the diitances, 


Thus, To the diſt, 64 ( == , and the lat. 93,62 (== 
- | | I | | 25 16 
the courſe is 33 00”; and the dep. 4, 86. 

The co- mid. lat. 46 (the neareſt to 45 51”), the dep. 34, 86 (falling be- 
tween 34, 53 and 35,24, belonging to the diſtance 48 and 49), gives 48,5 
in the col. of diſtances; which mult. by 16 gives 776 for the diff, long. 

& Z;zth of the numbers was taken rather than 2th, becauſe 10 di- 
vi 


1024 without a fraction; and it is more conventent to ſeek a diſt. in 
wh 


ole numbers, than with a fraction annexed, | 


63 U 


Bot 


co 


£0 


In, 


/ 


Yook VIII. GLO BULAR SAILING. 163 


6 | By MERCATOR'“Ss SAILING. 

by | : 7 | / 
Lat. from. 5 1 18 NM Mer. parts = 3597 
Lat. to 37 oo N. Mer. parts — 2393 
Diff. lat. 14 18 = 858 m. Mer. diff. lat. «³˙ 2d 


By CoNSTRVUCTION. Fig. 20. Plate XIII. 
In the meridian AB, take AB 1204, the meridional diff. lat. and 
Ab 858, the proper diff. lat.; deſcribe the quadrant A m p; from a, with 
the diſtance 1024, cut Dc, drawn parallel to Ap, in c; draw Ac, and 
continue it until it meets BE, drawn parallel to Ap in E. 
Then BE diff. long. and arc m c meaſures the courſe. 


COMPUTATION by Meridional Parts. 


For the courſes  - | For the diff. lingitude. 
ac : rad.:: Ap: ſ. {_ ACD. Rad. ᷑ 2225 
As diſt. = 1024 6,98970|As rad. = 90%00" o, ooooo 
Jo rad. = go? wo 10,00000q[To tang. cour. = 33 8 9,8 1390 
80 p. diff. lat. = 858 2,93349|So m. diff, lat. = 1204 3.08053 
To co-ſ. cour. = $3205”. 9,923 19 To diff. long. = 784,4 2, 89453 


a ® 


Now 22% 06' W. — Long. from. 
60)784(13 04 E. = Diff. long. 
—  — 


Courſe SE. by S. nearly. 
| 9 2 W; == Long. to, 


ComPUTATION by Logarithmic Tangents. 

Depart. lat. 51 18”, Co- lat. 38 42. = co- lat. 190 21”, 
Lat. bound to 37 oo. Co-lat. 53 oo. 2 co-lat. 26 30. 
To & co-lat. 269 30, its log. tang. 9, 69774 1 
To 2 co-lat. 19 21, its log. tang. 9.545 5 2 


I 


Difference — | 1522, 2 = . 


Fer the courſe. Fer the diff. longitude. 
AC ! rad. es. N: 1 8 „ 20 
| * As x „ 9, 89849 
; .- I&0-0 = 1522 3518241 
Courſe is S. 33 O05 E. as above. 80 tan. cour. = 33 981390 
To diff. long. = 7849 2,89480 


* 


By the TRA VERSE TABLE. 
With the diſtance and diff. lat. in their columns, find the courſe among 


the degrees. | 
With the courſe among the degrees, and the meridional diff. lat. in the 


column of latitude, find the diff. long. in the column of departure. 


The courſe, found as before, is 33 O00. 


And 2th of the meridional diff. Jat. viz. 60,2 found under 33, in the 


column of latitude, the neareſt correſponding departure is 39,21 ; which 
multiplied by 20 gives 784, 2 for the diff. longitude, 
_ P 2 


P R O- 


164 GLOBULAR SAILING. Book vil. 


| PROBLEM VI. 
64. Given the latitudes of two places, and the departure: 
Required the courſe, diſtance, and difference of longitude. 
Exam. A hip from the latitude 37 oo! M, longitude 48* 20' I, (1, 
between the N. and E., and being come to the latitude 51* 18 M. find jy 
has made 564 miles of departure: what was her direct courſe, diſtance run 
and preſent longitude ? © Hon $2 


By MIDDLE LaTiITUBE SAILING. 


Preſent lat. 5 1 18'N. sum of the latitudes 880 1} 
Departed lat. 37 oo N. | | | — 
| | Mid. lat. | 44 09 
Diff. lat. 14 18 2858 m. | | | — 

1 Co- mid. lat. 45 51 


By Cons TRUCTION. Fig. 13. Plate XIII. 
In a meridian line, take av=858 m., the diff. lat. Deſcribe the qus. 
drant Am p, and parallel to a p draw Dc 564 m. the departure; alſy 
draw the diſtance Ac; in the arc Er, deſcribed with the ſine of the co- 
mid. lat. 45 51', apply the chord EF equal to Dc; through F draw az; 
then the chord m B will be the diff. long., and the arc m c meaſures the 
courſe, | | | 

a By CoMPUTATION. 


To find the courſe. | To find the diſtance. 

de rad. : t. Dc. Sin. E DAC: DC 3 5 rad. : AC. 
As diff. lat. == 858 7,0665 1]As ſin. cour. = 33 19“ 0,2602 
To depart. = 564 2575 128 To depart. = 564 2,5110 
So rad. = 90 oo 10,00000]S0o rad. = 90 0 10,00000 
'To tang. cour. = 33 19 9.81779 To diſt. = 1027 3.01150 

To find the diff. longitude. 

RR SS 2 6 Or.. 3 3.4: 
As co- ſ. m. lat. = 44% og' , 14417] Now 4820 W. = Dep. long. 
To rad. = 90 00 10,00000|60)786(13 06 E. = Diff. long. 
So depart. = 564 2,75128 | | 
0 35 14 W. == Pre. long, 

To diff, long. = 786 2.89545 — 


Courſe NE. b. N. nearly. 
| By the TRAVERSE T ABLE. 

The diff. lat. and departure being found together, will give the cout 

among the degrees, and the diſtance in its column, | < + 
With the co-mid. lat. among the degrees, and the departure in its co. 

lumn, find the diff. longitude among the diſtances. IO 
Now zsth of 858, the diff. lat., and of 564, the dep., are 42,9 and 
28,2. The neareſt numbers to theſe are found together under the courk 
33.39» and to the diſtance 51,2; which, multiplied by 20, gives 1024. 
ſo the departure 28, 2 being found to the co-mid. latitude 46%, gie 
3972; which multiplied by 20 gives 784 for the diff. longitude. 


65. N 
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6s, By MERCaATOR'S SAILING, 8 
Preſent lat. 5 1 18“ N. Mer. parts 39% 
Departed lat. 37 ON. Mer. parts : | 2393 
Diff. lat. 14 18858 m. Mer. diff. lat. 1204 
ail | my : g : — 
foe By Cons TRUCTION. Fig. 21. Plate XIII. 


In a meridian line take AB = 1204 m., the meridional diff. lat.; and 
ab 858 m., the prop. diff. lat. Deſcribe the quadrant a mp; through 
p draw DC parallel to Ap, and make Dc=564 m., the dep. "Through 
c, draw AE meeting BE, drawn parallel to a p. | | | 


— Then is Ac the diſtance, BE the diff. longitude; and the arc mc mea- 
09 ſures the courſe. | „„ e | g 
CoMPUTATION by Aeridional Parts. 
bas For the courſe, For the diſtance. 
AD: De Abe. Sin. L DAc: DC:: : rad. : AC. 

As diff. lat. = 358 7,0665 1UAs ſin. cour. == 3319“. o, 26022 
ua To depart. = 564 2,5 1280To depart. = 564 2,75128 
alſo So rad, = 90? 00? 10,00000{S0 rad. = 9y0* oo 10,00000 
AB; To tang. cour. == 33 19 901779559 diſt. == 1027 - 3,01150 
; the | — 


Fer the diff. long. r: D:: M: I. Or Rx: T:: mM: L 


As prop. diff. lat. == 858 7,0665 1 Now 48 20” W. == Dep. long. 
To depart. = 564 2, 75 1280660) 791 (13 11 E. == Diff, long. 
. So mer. diff. lat. == 1204 3, 08063 : | | 
28 — 35 og W. Pref, long. 
16023 3 | | E 
61 To diff. long. = 791,5 2, 8984 — — | 
{0 ——— Courſe NE. b. N. nearly. 
A CN TAT TON by Logarithmic Tangente. 
01150 Departed lat. 37 0 No Co-lat. 53“ oof. 2 co- lat. 26 300. 
— Preſent lat. 51 18 N. Co-lat. 38 42. Z co-lat. 19 21. 
To & co- lat. 260 30, its log. tang. 9.69774 1 
To & co-lat. 19 21, its log. tang. = 9.54552 
4 -.: Dillerence_ = 252% 
3, . 3 For the diff. longitude. 
The courſe and diſtance are found n % 2. 
as above, 1 [As x = _ 999980 
5 ro 6. = 1522 3,8241 
courſe So tang, cour. = 33* 19% 9,81776 
* Fo diff. long. _ = 7909 2, 89866 
0 and 0 By the TRAVERSE TABLE. 
cout . The courſe, found as before, is 335 30“, under which, againſt 60, 2 


024 (=x5th of the mer. diff, lat.) in the column of latitude, ftands 39,74 in 
ines i be column of departure. Then 39,74 x 2070458; the diff. longitude. 


59 | P RO- 
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PROBLEM VIE 


66. Given one latitude, the courſe, and departure 
Required the other latitude, danny and diff. nga 


Exam. A ſhip from the latitude 51 18' N., longitude 9 $o' V., ſai 
S. 33? 19 V., until her departure is 504 miles; required her 128 5 lati. 
tude, longitude, and diſtance. 


By MIDDLE LATITUDE 1% | 
| ConsTRUCTION. Fig. 14. Plate XIII. 0 
Draw a meridian line Ap; deſcribe the quadrant Amp; make act 
564, the departure, and the are m cg 33 19', the courſe ; through c dray 
the rhumb Ac meeting a c, drawn parallel to AD, in c; and draw ca 
parallel to A p. 


By CompuTATION. 


| . the diff. latitude. , Now 510 18, N. = Dep. lat. 
Sin. C DAC: D;: fin. Lacp : av.60)858(14 18 8. = Diff. lat. 
As ſin, cour. = 33 197 0,26022 
To depart. == 564 2,75128| 37 00 N. Preſent lat. 
80 col. cour. = 332 19” 9,92 202 


Sum of the lat. 


l 


U 


To diff. lat. = 888 25 $1. — 
| bag | — 44 og == Middle lat. 


4551 2_= .Co-m. lat. 


4 


Then! in the arc EF, Na with the las of A , apply « CD from 
E to F; through F draw AB; and draw the diff. Jongitude B m. 


To find the diſtance. To find the 5 
eb: rad. : A : mb» 1 
As fin, courſe = 33 197 * As coſ. mid. lat, = 449 uu 0, 14417 
To departure = 564 2,75128] To rad. 90 oo 10,0000 


So rad. 9 00” o 10,0c0cc[50 departure bg 564 2,75128 


To diſtance = 1027 3.01 To diff. long. 786 2,8954 
| 5 Now go 5o' W. = Dep. long. 
60) / 86013 06 W. = Diff. long, 


22 56 W. = Preſent 0 


. 7 0 


By the TRAVERSE TABLE. 


With the courſe 33” 15“ (the neareſt to 33* 19") and the departure 
28,2 (Sesth of 564) in its column, find the diff. of lat. (42,53) in tle 
column of latitu ie, and in the column of diſtance find the diſtance 5172. 
Then 42, 53 * 20 2850; and 51,2 * 20 81024. 

Hence the preſent lat. is 37 o/, N., and the co- mid. lat. 455 480 
| The co-mid. lat. 45* 40 and departure 28, 2 gives 30,2 in the column 
ol diſtances, which ee by 20 gives 784, for the diff. of longitude. 
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6,  _ By MERANCATOR's SAILING 

By CONSTRUCTION. Fig. 22, Plate XIII. 

Draw a meridian line AB; deſcribe the quadrant A mp; make A 4 

=564, and the are mc=33* 107; draw ac parallel to as meeting the 

mumb Ac, drawn through c, in c; and draw the departure CD parallel 
A D. . 3 | 

a ? ComPUTATION by Meridional Paris. 


For the diff. latitude. Now 51* 18˙N. = Dep. lat. 
Gn Z DAC: D: : ſim. DCA: Ap. 60) 85814 18 8. 3 7” 
As fin. cour, = 33* 19 5, 26022 37 N. = Preſ. lat. 
To depart. == 564 2.75128 To 51918” merid, parts == 3598 
do co· . cour. 3319 9,92 202 To 37 oo merid. parts = 2394 
To diff, lat, = 858 2.93352] Merid. diff. lat. = 1204 


Then make AB = 1204; draw BE parallel to A p, meeting, AC conti- 
nued, in E; and BE is the diff. of longitude, : „ 


To find the diſtance. To find the diff. longitude. 

As fin. bie e ta. + c... ˙ ͤ i t Eee 
As fin. cour. = 33197 0,26022|As p. diff. lat. = 858 7,0665 
To depart. == 504 2,75128}To depart. ==. 2,75128 
So rad. = 90% oo 10,00000;So mer. diff. lat. = 1204 3.08063 
To diſtance = 1027 3,01 rn "4 diff. long, = 791,4 2,89842 
; ! 


— 
Now qe 50 W. = Dep. long. 
600791013 11 W. Diff. long. 


23 ol W. = Pref. long. 


CoMPUTATION by Logarithmic Tangents. 
Find the diff. latitude and preſent latitude as above. 
Then, Dep. lat. 5 1 197. | Co-lat. 38 42. L co-lat. 199 21”. 
- Pref. lat. 37 00. Co-lat, 53 00. 2 co-lat. 26 30. 
T0 co-lat. 265 307, its log. tang. is = 9,597 /  _ © 


J f co-lat. 19 21, its log. tang, is = 9.54552 
Difference = 1522,2=6, 
To find the diff. longitude. N.: 0 + 
As N = 9,89849 | | 
Jo o = 1522 3-18241] The diſtance and preſent longi- 
do tang. cour. == 


3319“ 9.81770|kude may be found as above. 


791,8 2,89806 


l 


| By the TRAVERSE TABLE. 5 
Find, as before, the diff. lat. 2851; and the diſtance g 1024. = 
Then the preſent lat. is 37% 07'N.; ans the mer. diff. lat. is 1197 
roth of which is 59,85. | | 
Now under the courſe 33 15 and againſt 60, 21, the neareſt to 5, 89 
in the column of latitude, ſtands in the column of dep. 39, 48; which, 
multiplied by 20, gives 789,6 for the diff, longitude, 
| | 8 | . PROBLE M 
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PROBLEM IX. 


68. Given one latitude, the diſtance, and departure : 
Required the other latitude, courſe, and diff. longitude, 


Exam. A ſbip from the latitude 35 oO N., longitude 9% o . „Nele 
fail-d between the N. and M. 1027 makes, 3 ſhe has made 564 miles of 
departure; what was her direct courſe, and the project latitude and longs. 
tude £ 


By MIDDLE LaTiTUDE 841116 
By ConsTRUCTION. Fig. 15. Plate XIII. 


Draw the meridian line Ap; deſcribe the quadrant A mp; make 42 
| =554 m.; ; from A, with 1027, the diſtance, cut a c, drawn parallel to 
AD, in c; draw AC, and draw the departure CD parallel to Ap. 


By COMPUTATION. | © 
70 nd the courſe. To od the diff. "TOY 
| e: in. „ Dac. Rad. : 4 pc : AD, 
As dift. = 1027 6, 98843 As rad. = 90% 00 10, ocoeo 
To rad. = 900 O  10,0c000[To diſt. = 1027 3.01157 
| So depare. = £04. 2,75 128080 co- ſ. cour. = 33* 1g 9.92202 to 
To fin. cour. = 33 19 9,7 3971 To diff, lat. = 858,2 292350 A 


6 43 ogg T 


Now 39% oN. = Dep. lat. Sum of the latitudes 88 18 8 
600) 85814 18 N. — Diff. lat. | : — — 
51 18 N. = Pref. lat. | | — 
— 5 | fo Co-muid. lat. 45 51 


Then deſcribe the arc Er with the fine of 45* 51', and therein apply 
e from E to F; through F draw AB; and draw the diff. long. B m. 


To find the diff. „ longitude. ee - IS A 3 


As coſ. m. lat. = 44% 0g 0,14417] Now 9 o 1 Dep long, 
Ic tang. cour. = 33 19 9,81776j60)786(13 00 W. == Diff. long. 
So Giff. lat. 838,2 2.93359 — 
| — 22 08 W. Pref. long, 
To diff. TEE = 786, 2 —.— — — 


Courſe is NW. b. N. nearly 


By the 1 TAI 
Now Ysth of the diſtance is 51, 35, and of the departure 28,2. 
Find under what courſe, among the degrees, 28, 2 ſtands in the depar- 1 
ture column againſt 51, 35 in the column of diftances ; which will be un- 
der 33*® 20' and againſt 47,8 in the diff. of lat. column. 
Then 42,8 x 20=856: hence the preſent latitude is 51* 16' N.; ; and 
the co-middle latitude is 45 52. t 
With the neareſt co- middle Jatitude (46% and the departure 28,2 find 
39,2, the diff. longitude, an. ng the diſtances, 
1 hen 39,2 X . for the diff. . 


2 


69. 3 ll © 
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| oY By MERCATOR's SAILING. 

By ConSTRUCTION. Fig. 23. Plate XIII. 

Drawn a meridian AB; deſcribe a quadrant amp; make Aa=564; 


draw a c parallel to AB; from A with 1027, the diſtance, cut aCcinc; 
draw the departure CD parallel to A p, and draw the diſtance Ac. 


ComPUTATION by Meridional Parts. 


69. 


Ty find the 3 To find the diff. latitude. 
ac : rad. : : CD; ſin. . DAC. | Rad. : AC :_; lim . © amb 
A; dil. = 1027 6,98843|As Rad. == 909 o 10,00000 
To rad. = c oO 10,00000]'To diſt. = 1 
So depart» == 564 2,75 128080 coſ. cour. = 33* 1& 992202 
To fin. cour. == 335 19“ 9,7397 1 To diff. lat. == 3582 : 2,93359 


Now 37 ON. == Deep. lat Te 51* 18', the mer. parts = 3598 


60)858{14 18 N. Diff. lat To 37 oo, the mer. parts = 2394 
51 18 N. — Pref. lat Mer. diff. lat. = 1204 


— — — — —_————__+ 


Then make AB 1204; continue Ac till it meets BE, drawn parallel 
to Ap; and BE is the diff, longitude. NS a 

75 find the diff. longitude, | Rad. : ; Wo 2 6 
As rad. == 90® oc 10, ooo Now o o W. = Long. from. 
To tang, cour. == 33 Ig 9,8177060) 79 1013 11 W. = Diff. long. 
Se m. diff. lat. == 1204 3.08063 


To diff. long. 


— K —— —— 


= 791,4 2, 89839 
1508 — Courſe NW. b. N. nearly. 


Co uTfAT ION by Logarithmic Tangents. 
Find the courſe and preſent latitude as above. 


22 13 W. — Pref. long. 


Then, Dep. lat. 37% oo! N. Co- lat. 5 3 00. 2 co- lat. 269 30“. 
1 Co-lat. 38 42. 2 co-lat. 19 21. 
To ; co-lat. 26 300, its log. tang, = 969774 wb 
To + co-lat. 19 21, its log. tang, = 9.54552 
Difference == 1522,2== 66 ; 
To find the diff. longitude.” "n : % s6 

As =. 9789849 
6e * 1322 4.18241 - © he he! 
do tang, cour. == 33 19 9,81776] The preſent longitude may be 


— found as above. 
2, 89866 


To diff. long. _— Sx 


| By the TRaversEs TABLE. | 

Find, as before, by proportioning for the parts, the diff. lat. 8 56, and 
the courſe N. 33* 3o'/W. 1 | | 

Hence the preſent lat. is 51% 16*N,; and the mer. diff. lat, =1200, 
zoͤth of which is 60. | | - 1 | 
Then in the column of latitudes, under 33® 30/, find 60,04, the neareſt 
to bo; againſt which, in the departure, ſtands 39,74; which, multiplied 
dy 20, gives 79478 for the diff, of longitude, 
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70. | PROBLEM X. 


Given one latitude, departure, and diff. longitude : 
| Required the other latitude, courſe, and —— 

Exam. A fhip from the latitude 51 18“ N., longitude 22 of jp 
having ſailed between the S. and E. for ſeveral days, reckons fhe has nad 
$04 miles of departure, and 786 miles of longitude : what is the lat. and 
Jong. of the place arrived at, and alſo her direct courſe and diſtance ? 

This Problem cannot be refolved by Mercator's failing. 


By MIDDLE LaTITUDE SAILING. 
By EEE SS rr0mx. Fig. 16. Plate XIII. 

Draw a meridian Ap; deſcribe the quadrant a mp; in the arc 3 j 
apply the chord m B=786, the diff. long. ; draw AB; make m a=5;,, 
draw a F parallel to A n, and with the radius AF deſcribe the arc PE, and 
draw the chord EF. | | 


. | x : th 
Then is EF the departure, and Ar. the ſine of the co-mid. lat. E. 
| By COMPUTATION. ; : 
To find the co-mids latitude. Now Co-mid. lat. = 45 51 
11 - rad, : _ | Middle lat. . f 44 o , 
8 | Sam of the lats. 88 18 1 
As dif. long. = 786 7,19453| Depart. lat. Cx 26 d 
To depart. 564 2,75 128 1 — 
So rad. = 90 OO 10,00000| Preſ. lat. 37 o 1 
To co-f, m. lat. = 44 9 9.85 586] Diff. lat. £ 14 18=3;8n, 
Make av=858 1 draw De parallel to a po and equal to EF; then ac N 
being drawn, will be the diſtance; and 2 DaC the courſe. =. 
To ind the courſe. | To find the diſtance. 
rer. | Sin. Dae: be md. : ac, 1 
As diff. lat. = $g8 7,00651]As fin. cour. = 339 19” ? ©,26022 
To diff. long. =. .786 2, 89542 To depart. = 564 2,75128 


So co-f. m. lat. 45 51' 9,85 583080 rad. go? oO 10,00000 


To tang. cour. 33 19 9,817760To dift. 


lt 
| 


1027 3,011;0 


Now 22% 06' W. = Dep. long. 
60)786(13 06 E. = Diff. long. 


a. ao «@ 


The courſe is SE. b. S. nearly, 
g9 co W. = Pref, long. Diſtance 1027 miles. 
| | | 1 Preſent lat. 37 ON. 
By the TRAVERSE TABI. E. | 

Now 2;th of the diff. long. and dep. are 39,3 and 28,2. - 

Seek in the table, until the given depart. 28,2 is found in its column 
againſt the given diff. long. 39, z in the column of diſtance ; and it gives 
the co-mid. lat. among the degrees at the top or bottom of the table. 

Here 28,z falls between 28,27 (over 465) and 28,11 (over 45 40 
the depart. anſwering to the diſt. 39,3; therefore, taking the co-mid. lat. 
=45? 50', the preſent lat. is 37 O N.; the diff. lat, is 856; and its 
18 42-8. | yy | 

Then 42,8 and 28,2 will be found together under 33* 3o', the courſe, 
and between 51 and 52 in the diſtances ; ſuppoſe 51,2, which, multiplied 

by 20, gives 1024 for the diſtance. e 

Ei {> | PROBLEM 


wk VII. GLOBULAR SAILING. 
: PROBLEM XI. 


J. Given one latitude, courſe, id difference of longitude: 
Required the other latitude and diſtance. he, 2, 

Exam. A ſhip from the lat. 37 o N., longitude 22* 56 We, runs on 
4 courſe N., 33? i9” E., until ſhe finds her difference of longitude is 786 
miles what is Her preſent latitude and diſtance ſailed | . 

This problem cannot be reſolved by middle latitude ſailing. 

By MER CAT OR's 'Saiting - 
By ConsTRUCTIoN. Fig. 24. Plate XIII. | 

Draw the meridian AB; deſcribe the quadrant amp; continue A p till 
a a=786 miles, the diff, longitude, and draw AE parallel to az. Make 
the arc mc33® 197; draw the rhumb Ac till it meets AE in E, and draw 
EB parallel to A p. Pe "I 
5 ComPpUuTATION by Meridional Parts. 


To find the mer. diff. latitude, 

T: £5 I ep. lat. 37 oO N. Mer. pts. 2393 
As tang. cour. = 339 19 0,18224 3 Mer. d. lat. 1196 
To rad. e 90 oo 10, ooooo — 


80 diff, long. = 786 2, 89542 Preſ. lat. 51 122N. M. pts. 3589 


To m. diff. lat, == 1196 3.07766 Diff. lat. 14 12228522 miles. 


Make aD=3 5273 draw PC parallel to A p; then Ac is the diſtance. 
To find the diſtance. Sin. D :; AD :: rad. 3 Ac. 


As cof. cour, == 33? 19 o, 7798 | < 
To diff. la,. 29 | 
So rad, ==. 90? OO io, ooo 
. : — — 7 
To diſtance - -- 300867, 


CoMPUTA TION by Logarithmic Tangents. 
To find the preſent latitude.” © Dep. lat. 33 o Co-lat. 5 30 og. 
T : 1 1 Au- . eo. 26 30 , GOo77s 
3 


As tang. cour.. == $3* ig onna | = 1511 
To my long. = 786 2,89542| : | — 
80 N * 10,10151|zco-lat, 19 24. L. tang. 9,5464 


— — — 


To 


1511 3-17917]Co-lat. 38 48 | 2 
O04 n=——\ Therefore the pref, lat. is 5 10 12 N. 
5 By the TRA VERSE TABI E. 

Seek the diff. long. in the column of departure to the given courſe, 
and it gives in the column of latitude the meridional diff. lat. 

Thus under 33* 15, againſt 39,3 (Seth of 786) in the departure 
ſtands 59,38 ; or by proportioning 59,96, which, multiplied by 20, gives 
1199 for the mer. diff. lat. Hence the preſent lat. is 51 öU4 N.; and 
the diff. lat. 854; its A;th is 42, 7. „ - Wi 

Then under 33 15, in the col. of lat. 42,7 ſtands againſt 51 in the 
bol. of diſtances ; which multiplied by 20, gives 1020 for the diſtance. 

5 a Fo PROBLEM 
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PROBLEM XI. | 


72. Given the courſe, departure, and Sr of tel 
Required the latitudes, departed from and arrived at. 


Exam. From a place in north latitude, a ſhip fails S. 33 15 E. until 
fhe has made 564 mules of departure, and 786 miles of + try of longs. 
tude < i were the latitudes ſailed from and arrived in 


SOLUTION. 


As the fine of the courſe is. to the departure 
So is the co-ſine of the courſe to the difference of che latitude=$6g 
And as the diff. longitude is to the departure 

do is the radius to the co-ſine of the middle latitude : = 44409, 


Now2=14* o 20/ the diff. lat. the half is 7* 10/. 


Then o 1 +7? 10'=51*® 19 the latitude ſailed from; 
And 0 236 59, the latitude arrived i in. 


Hence any two of theſe four particulars being given, viz. 3 
Courſe, diſtance, — difference of latitude, | 14 

| together with the difference of longitude : | | 4 
— two latitudes may thence be found. „„ l 
PROBLEM XIII. = KL 


73. 5 one latitude, diſtance, and difference of b: : 
Nequired the courſe, and the preſent latitude. 


SOLUTION. 


I. Find the meridional diſtance (37) to uſe as a krſt 8 
When the courſe is toward the equator, augment this mer. diſt. for 
2 ſecond departure; if toward the pole, diminiſh it for a ſecond de- 
parture. Let the uſt dep. be altered about a Sth or 6th of itſelf for a 
ſecond departure. 
1. With the given diſtance and theſe departures, taken ſeparately i in wir 
Find the reſpective courſes, and differences of latitudes. (VII. 32) 
And hence, the preſent latitudes and mer. differences of lat. (52 
3. To each courſe and reſpective mer. diff. lat. find a diff. long, (48) 
4. Between each of theſe differences of longitude, taken in order, and 
that given, take the two differences; Which call the Iſt and 2d 
errors. 
Take the product of the 1ft departure by the 2d error, and the pro- 
duet of the * _——_ * ne firſt error. 


+1 
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5 If the two differences of longitude found by the 3d art. were both too 
great, Or both too ſmall; let the difference of the ſaid two products 
be divided by the difference of the errors, and the quotient may be 
taken for the true departure. | 


But if the two differences found were one too great, and one too 


ſmall; let the ſum of the ſaid products be divided by the ſum of the 
faid errors, and the quotient may be taken for the true departure. 
6, With the true dep. and diſt. find the true courſe and diff, latitude. 


(VII. 3a) 


Exam. A ſhip from the latitude of 37 N, having ſailed for ſome days on 
a direft courſe in the NM. quarter, finds that He has run 1 — mi and 
has made 790 miles of difference M4 longitude : on what courſe did ſbe ſteer, 
and what latitude has ſhe come to SS | 


With radius and the diff, long. 790, find a mer. diſt, (631) which bes 


ing diminiſhed by about its xth, or by 100, | yam 531. 

Then 631 and 531 may be taken for the iſt and 2d departures. | 

The diſtance 1027, and theſe departures, give the courſes 37 45' and 
315 and alſo the differences of latitude 814 and 883; or 13? 34“ and 
AT: | | ES 
y* the ſuppoſed Jatitudes are 50? 34' and 51* 43'; and the meri- 
dional differences of latitude will be 1135 and 1245. 

With 1135 and 1245, taken with the courſes 37* 45' and 315, the 
diferences of long. are 879 and 748. 

And 879-—-790=89, the 1ſt error, too great: 

Alſo 790-748 242, the 2d error, too ſmall, 

The ſum of theſe errors is 131, the diviſor. 

Now 631 * 4226502; and 531 * 89 247259 the ſum of theſe pra- 
ducts is 73761. | 

Then 73761=131 gives 563 for the true departure. 

With the diſt, 1027 and dep. 563, the courſe is N. 33 15 W. 

The diff, lat. is 860 m. =14* 20'N. | 

And the preſent latitude is 51 20'N. 


SECTION 


7 


2, — l 
[7 Wr = 4 = > 22 fs 
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* 


ere 
07 compound Courſes corrected 2 Longitude 


How to ſolve compound courſes or traverſes, on the principles of plare 


failing, has been already ſhewn ; but it is neceſſary alſo to ſhew how the 


proper allowances for longitude are to be introduced into ſuch accounts; 
which is eaſily done by any of the following methods, 


74. n 
iſt. Complete the traverſe table to each courſe and diſtance, and find 
the whole diff. latitude, departure, and preſent latitude, (VII, 35 
2d. With the diff. latitude and departure find the direct courſe 4 
diſtance. (VII. 34) 
zd. If you work by middle latitude, with the. departed latitude and pre. 
ſent latitude find the co-mid. lat, ; with which, and the departure, find 
the difference of longitude. 


b 
Or 4th. If by Mercator, with the departed tatituds and preſent 1 


tude find the meridipnal difference of latitude; with which, and the di. 


rect courſe, find the difference of longitude. 


655 
b RU LE II. By Middle Latitude. 
iſt. To the traverſe table (rowpletad as above) annex five other 
cols. ; intitle them dep. lats., pet, lats., ſum, lats., mid. lats., co-mil, 
lats., diff. longit. 
K. | W. 
2d. By the ſeveral differences of latitude found in the 0 able 


fill up the firſt and ſecond columns; and hence the correſponding ſun, 
luats., mid. lats., and co-mid. lats., will be obtained. 


3d. With each co-mid. lat., and correſponding departure, find the dif, 
of longitude to each courſe (64), and ſet them in the columns marked 
E. W., according to the name of the departure uſed. 

4th. Add up both the eaſt and weſt columns of longitude, and the di. 
ference of their ſums will be the whole difference of jongitude. 


76. RU LE III. By Mercator. 
iſt, To the traverſe table (completed as above) annex five other 


columns: intitle them ſucceſſive latitudes, meridional parts, mer. diff 
lat., diff. long. | 


E. W. | | 

2d, by the ſeveral differences of latitude, found in the traverſe table, 
fill up the column of ſucceſſive latitudes; ſet their meridional parts in its 
column ; and the meridianal differences in its column. | 

3d. To each courſe, and its correſponding meridional diff. lat., fd 
(59) the diff. longitude ; which ſet in its proper column. 
4th, The difference of the ſums of the eaſt and weſt columns of lon- 
gitude will be the whole difference of longitude. | 

The firſt of theſe rules is moſt commonly practiſed at ſea; ; but either 
of the Jatter gives the reſult more accurately. 


The operations, by theſe rules, may be all performed by the traverſe 
table at the end of Book VII, 


77. Ex Au- 
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77. EXAMPLE I. Yeflerday noon we were in latitude 38 14'N., longi- 
tude 25 50 Mi, and have ſince run the following courſes and diflances. 
iff, NE. b. N. ZE. 56 m.; 2d. NNW. 38 m.; 3d. NW. b. W. 46 m.; 

th, S8 E. 30 m. th. S. b. W. 20m.; 6th. NE. b. N. 6 m: 

Required the ſhip's place with her direct courſe and arflance. | 


By the FIR S1 RL E. 
The TA A VERSE TABLE. 
Courſes: 5. N. | 8: | E. | W. 


NE. b. N. J E. 560 45,0 


NNW. 138 35-1 
NW. b. W. 46 25,6 
ISSE. 130 2797 
S. b. W. 20 19,6 


INE. b. N. 60 50,0 


15574753 


—— Diff. lat. 108, 4 Dep. z1 6 = 
Hence (VII. 33) the courſe is N. b. E., diftance 111 miles. 


By MIp DIE LATIPUDE. 


Dep. lat. = 387 14 N. Mid. lat. = 3 

Diff, lat. a= 1 48 N. JCo: mid. lat. = 50 52 

Preſent lat. 40 2 N. Dep. long. = 25 56 W. 

Sum. las. = 78 16 if. long. = o 28 E. (644 
| {Preſent long. = 25 28W. 
By MERCATOR. 15 

Dep. lat. 38 14 N. M. pts. = 2486, 1 Depart. long. = 25 56 W. 

Preſ. lat. 49 2 N. M. pts. = 2625, 3 Diff. long. =..0 28 E. ($9) 

Mer. diff. lat. = 1 39,2|Preſent long. = 


28 28 W. 
ExxPLA NATION. | | 


ne diff. lat. 108,4 and the dep. 21,6 being ſcught for, ſtanding to- 
gether in the traverſe table (VII. 67) will be found under one point, or 
11* 15/ for the courſe, and againſt 111 miles for the diſtance. | 

The co-mid, lat. 50? 52/, or its neareſt 5045, being found in the 
traverſe table (VII, 67), and the departure 21,6 in the dep. column; 
then right againſt it in the col. of diſt. ſtands 28 for the diff. long, 

The courſe 11? 15/ being found among the deg. at top in the traverſe 
table (VII. 67), and the mer. diff. lat. 139, 2 (or its E, viz. 69,0) found 
in the col. of lat., gives a correſponding dep. 28, (=13,85 & 2) for the 
difference of longitude, | | 7 5 

” 
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By the SEconD RULE. 


Dep. lat. 38* 14/N., 


EXPLANATION. | 
and diff. lat. 45 N., gives preſ. lat. 38* 50 N. 
Dep. lat. 38 50 N., and diff. lat. 35 N., gives pref. lat. 39 34 N. 
Dep. lat. 30 24 N., and diff. lat. 26 N 

Dep. lat. 40 - © N., and diff. lat. 28.S., gives preſ. lat. 39 32 N. 
And ſo on, to make the firſt two columns in the longitude table. 
The ſum of each oppoſite two gives the ſum of lats. in 3d column. 


„gives pref, lat. 40 ON. 


From theſe ariſe the columns of mid. lat. and co-mid. lat. 


Then (by art. 64) with each co-mid. lat., and correſponding departur, 
the column of longitude is filled up; and the ſums of the columns of 


longitude being taken, their diff. will be the whole diff. of longitude. 


By the THIRD RULE. 


. 


8 : 3 78 
1 TRAVERSE TABLE. LoncGciTupe TABLE. ritud 
7 KB Dep. | Pref. | Sum. | Mid. | C. M. if 
** D. N. | S. E. W. lats.] lats. | lats. | lats. | lats, 4t 
NE. b. N. E. 56 45,0] [33.4 39 1738 5% „, 13138 36/510 2 
NW. 8] 35,1 _ [245138 59139 3478 33139 16 50 4, 
W. b. W. 46 25,6 38,239 34149 0179 3439 47 50 1; 
SSE. 30[ | 27,7] 11,5 49 0139 32179 32139 46150 0 
S. b. W. 20 119.6 3.939 32039 1278 4439 22 50 38 
NE. b. N. [9c 5O,O 3353 39 12]40 - 2179 1913937 150 23 
* — — — — * — 
155, 47.3 78, 2 56, f 
| Diff. lat. 108, 4 Dep. ] 21,6 | # Diff. longitude. 2 


TRAVERSER TAI 


EXPLANATION. 


The column of ſucceſſive lats. is filled up from the differences of it 
found in the traverfe table: to theſe lats. the meridional parts and the di. 
ferences are to be found: then by the courſes and meridional diff. of k. 
titudes, the diff. of longitudes are found, as ſhewn in art. 
book. The diff, of long. made good, found by all the methods, is neat! 


the ſame, 


E. : LoxciTupe TanL 4 
3 = Diff. lat. | Depart. Succeſſ. Mer. M. Diff. Diff. long. 
. = latits. | parts. | lat. 

N. | S. | E. | W. | . N. 

8 55 ; a 38 14/2486, 1 1 
NE. b. N. E. 56 45.0] 33,4 38 59 2543, 57.6 | 433 

NNW. 380 35• 14-5139 34 | 2588,9] 45,2 187 

NW. b. W. 146} 25, [138.240 02622, 33,8 50,3 
SSE. 30] J27.7 11,5 39 32| 28586, 3 36,4 | 15,0 

. W. 20 19,6 [3,939 12 256, 4 25,9 5 
NE. b. N. 60 50, 33-3] 40 22625, 3] 65,9 | 43,3 

155. 47.3078, 2 56 102, 10745 

{__DiF. lat. 108, Dep. 21,6 Diff. longit. = 27,8] | 


59 


of this 


78, Ex 
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18. ExaMPLE IT. Suppoſe a ſhip from the latitude 52 20/ NV, and lon« 
tude 14 38' W., has ſailed the following courſes, viz, | : 


W 1ſt, ESE. 43m. 2d. SW. 32m. 3d. SE. b. S. 58 m. 
„ Oo SS. / 
A* Required her preſent Iatitude and longitude, alſo her direct courſe and 
4] ane. 1 5 8 - | 6 
4 | By the FIRST RULE. 8 
. , The Texxverse TanLs. | 
8 | Courſes. D.] N. | S. E. [W. 
3 4 8 on —· ͤ —— 
5 ESE. 43 16,5 39,7 | 

I01 SW. 32 22,6 22, 6 

* SE. b. 8S. 588 [48,2 32,2 | 
=| 27 {SSW, 60 5534 23,0] 
b : Diff. lat. 21427 71,9 45-6] 

. Departure 26,3 . 


Hence (VII. 33) the courſe is S. 105 30' E. diſtance 146 miles. 
. To find the difference of Longitude, 
By MIDDLE LATITUDE. 


Dep. lat. e N. -- n * 
Diff. lat. ms 235 8. Co-mid, lat. == 38 52 


49 57 N. Dep. long. 14 38 W. 


Preſent lat, 


I 


Mer. diff. lat. 228; Preſent long. = 13 56 W. (VI. 53) 


| ExXPLANATION,. | | 

The halves of the diff. lat. and dep., viz. 71, 35, and 13, 15, being 
oupht for, ſtanding together, in the traverſe table (VII. 67), their neareſt 
numbers, viz. 71,73 and 13,30, ſtand under 10* 30“ for the courſe; and 
Pgainſt 73 in the column of diſt. ; which doubled, as the table was entered 
ith halves, gives 146 for the direct diſtance made good. | 
The co-mid, lat. 387 52/, or its neareſt 38? 45', being ſought in the 
averſe table (VII. 67); then in the column ſigned Dep. the number 
neareſt to 26,3 (the dep. by this queſtion) ſtands againſt 42 in the col. of 
lit.; which is to be taken for the difference of longitude. | 


of lat Or thus, Seek under the direct courſe 10? 3o/, and in the column 
ne dif- Migned Lat. for the neareſt number to the mer. diff. lat. (=228, or to ſome 
of pet thereof, viz. its =) 57; then the correſponding departure is 10,57 3 
f thößg dich, taken four times, gives 42,28 for the difference of longitude, 


Vol. 1 . Q. By 


Diff. long. ==. 0 1 (64) 


— dum. lats. 104 17 

— | — Preſent long. == 13 56 W. (VI. 53) 
——_ WE By MERCATOR. h 

W, Dep. lat. 5 2 200 N. Mer. parts 3698] Depart. long. = 14 38 W. 

8 Pref, lat. 49 57 N. Mer. parts 3470 Diff. long. = © 42 E. (59) 


— —— err — — — — — 2M 

| Teaverse Tart. | Loncitupe TaBLe. | 

| | | F | Dep. i Preſ. { Sum | Mid. Co. m.] D. 15 
Chants. . N. 8. E. W. lats. lats. : 1 | Lats. hg EF 

[ESE. 1 4 | 16,5 39,7 Fs 20,525 04 104® 24% 20 120 379 4% 6 | 
SW. 2|- i]. -22z6 22,6% 2 04 51 411103 45|51 52138 08 1 A 
Ss $50) i} 48.21 32.20 4. 150 531102 34151 17138 43] 51 

SSW. 60} | 55,4 23.050 53 {49 580100 5150 26139 34| | | 
| Diff. lat. = 142.7] 71,9 45,0 = 5 155 116 7 q 
| Depart. —| 26,3, | HE | Dif. lon. = 43% 


EXPLANATION. 
Dep. lat. $2*20'N., and diff. lat. 16 S., give preſ. lat. 52 04/N, 
Dep. lat. 52 04 N., and diff. lat. 23 S., give preſ. lat. 51 41 N. 
Dep. lat. 51 41 N., and diff. lat. 48 S., give preſ. lat. 50 53 N. 
Dep. lat. 50 53 N., and diff. lat. 55 S., give preſ. lat. 49 58 N. 
Which completes the firſt two columns of the longitude table. 
The ſums of the oppoſite dep. lat. and pref. lat. make the 3d column, 
The halves of theſe ſums make the mid. lats. in the 4th column, 
And their complements make the 5th column. 
Then with thefe co-mid. lats. and their correſponding departures, the g 
differences of longitude being found (64), and ſet in their proper columns 
the difference of the ſums of the columns of longitude gives the whole 
difference of longitude. . 


CY Py C5 CO ͤ — — mp os — 


By the TurinpD RUR. 


. Tzaverss Tap LE. i! | LoxGirupe TABLE. 
„ 1 I Diff. long. 

| . N 8. | E. | W. Suceeſl, Merid. |Mid.| — 
| . > Sn lats. | parts. | lat. | Is 3 
| | ; 1 | 3 E. | W. 
| | | ( 1529 20" 3697.8 | | 
3 4 156,5 39,7 52 04 3671, 7 26,1 62,80 | 
1 | SE b. 8.58 48.2 32,2 50 53 3557.7 76,7 51,2 ] 
N bt SSW. 5 | 55-4 |23-O|\49 58 | 34714186.) 135-7 
q Diff. lat. = 142,7] 71,9 45,6 | 114 73.0 

Depart. =} | 26,3] 2 Diff. long. = 41,0 54 n 


EXPLANATION. 
By the differences of latitude, firſt found, the column of ſucceſſive l. 
titudes is filled up; to theſe the meridional parts and their differences art 


„% — ——— Ü w 25 


f at 
then taken; the courſes and correſponding meridional diff. lat. give (50 
the differences of longitude. | 1 


In this example, the difference in the reſult by the three methods il — 
very inconſiderable. . | 5 
| 5 79. Ex 
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I, 

70. EXAMPLE III. Suppoſe a ſhip from the latitude 67% 30 N, longi- 

ade 8e 460 W., has ſailed the following courſes, vix. 
= NE. 64m. NNE. 5om. NW. b. N. 58 m. WNW. 7 m. 
i Weſt, 48m. SSW. 38m. 8. b. E. 45 m. ESE. 40m. 
IT Required her reſent latitude and longitude, 
— By M1D pLE LATITUDE, according to the "INE" Rule. 
, N 1 Diff, lats. | Depart. Succeſſ Sum Mid. Co-m. D.long. y 
3 my £ ; . | 
of Ceerſes DI TS | E. W. lats lats. | lats. lats. E. W. 

—— ———— — e ee . es — — 
60 Os | 67 30 = : | 
> Ts NE, 64] 4593 45:3 68 15 135 45 67 92 22 08 120 
3 NR. 5c 46,2 19,1 69 Ol 137 16.68 38 21 1 
ux. b. N. 58 48, 32269 49/133 50.69 25/20 33| | 92 


WNW. 72 270 06,5170. 17 {140 06.70 03/19 57 195} 
Welt 48 | 48,0170 17 140 3470 1719 43] 142 


| ss. [380 [35-1 14+569 42139 5969 5920 o | 42þ 
ESE. 4c © [1523] 36,9 68 231137 41/08 5021 10102 f 
167,3 94,5110, 161,2 | | [300471 
mn, —— — . : | 1 
| Dif, lat. 72» 8 Depart. = 51.1 _ Diff. long. = = 171 | 
* 5 By MERCATO A according to the third Rule, £ 1 
Whole 98 | Dif, . Depart. Succeſſ. Mer. Mer. Diff. ous i 
| Courſes. De + 8: | B. Ww... il 
—— — — — — | oc | — — . | 
. | 672 300%½555 1,6 K 
NE. 64 4593 45, 68 1556711 119.5119.5 | \ 
| NNE. 50 46,2 K 69 01 5797.3 125, 2 52,4 10 
1 NW. b. N. 5 8 48,2 32,269 4915933,9 136,6| 91,1} 1 
; WNW. 72 27,6 66,5 70 17 0016, 32.1 198,6 + 
; Welt 48 48.070 17 purges 00,2 142. 1 
58 W. 38 3571 14.5 69 42 5913, 102,3 42,4 % 
8. b. E. 45 44,1] 8,8 68 58 5 780% 124.7 24,8 a 
3, ESE, 40 15,3 36,0 68 43 5747-4 41,6190,” | Þ 
7 167,3 94,5 110,1 461,2 | 297,4 47 4,1 | 
O . : 13 1 8 i 
8. Diff. lat. = 72,8 Depart. = 072” ns: Diiff. lonpir. 2 


Hence the preſent latitude is 68 43 N.; and preſenc long. I1* "48" W. 
According to the firſt Rule. 
The co-mid. lat. between the firſt and laſt lats. is 219 54 J with which, 
and the departure 51,1, the diff. long. will be 137 miles. 


Alſo the mer. diff. lat. between the fir't — laſt lats: is 195,8; with 
— and the diff. lat. 72,8, and the dep. 51,1, gives a diff. - long. 13751. 


This diff. long. is ＋ * by Art. 38 of this Book. 
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gitude 8? 40 E. has ſailed the following courſes, viz. 


GOT 
NW. b. N. 


NE. b. N. 63m. 
| North 30m. 
N. by E. 4om. 
ENE. 65m. 


38m. 
25m. 5 
NE. b. E. E. . 


NNW. Z 2 w. 36n, 
8E. 


uppoſe a ſhip from the latitude 68? 350 NM. bn 


50m, 


Required her preſent latitude and Jongitude, with her direct courſe ani 
diſtance to the North Cape, in lat. 717 27“ N. » longitude 26? 30' E. 


By MIDDLE LATITUDE, according to the ſecond Rule, 


1 Its. | Depart. Succeſſ. Sum | Mid. Co-m. D- a. 
Courſes. {D.| N. | S. K. W. lats. lats. | lats. | lats. U 
1 | | = [689 38% F / . / 6 . | 
NE. b. N. 63] 52,4 35,0 69 30 138 8069 4/20 56| 98 
NE. 380 26,9 26,9 69 57 139 2769 43/20 17 78 
NNE. 56 51,7 21,4 70 491140 46/70 23/19 37] 64 
North. 30] 30,0 71 19142 871 418 56 oo 00 
NW. b. N. 25 20,7 13,9 ½71 40142 5971 3018 30 4 
NNW. z W. 360 31,7 17,072 121143 52/71 56118 4 is 
iN. b. E 400 39,2 7,8 72 510145 3/72 31017 29 26| | 

NE. b. E. E. 72 33.9) 63,5 73 25 146 1673 8116 52/220 

8E. gol 333,3 35-3] [72 50 146 15/73 7116 530121 

[ENE. 650 24.9] . | 60,0 73 1511 146 5/73 3116 571205 

_ 1311413523 | 249-9] 309 || 812] 9% 
Diff. lat. 276,1 2190 — Diff. long. =1713 
By MERCATOR, according to the third Rule. 

NF | | DIE. avs, | Depart. Tguccelt] Mer | Mer: P it 
| Courſes. D.] N. | S. | E. = W. parts tg W. 
| — — 5 — — — 

| T | |68* 38157337 
NE. b. N. 63] 52,4 | 35-0] 69 30 5879,2 145,5 97:2 
NE. 38 26,9 26,9 69 57 5957.2 78,0 78,0 
INNE. 566 51,7 21,4 7 49|6112,1] 154,9, 64,0 
North of 30,0 | 7 196204, 5 92,4 
NW. b. N. 25 20,7 13.9 71 4006270, 7 66, 2 
NNW. : W. 36] 31,7 17,0% 2 126373, 9 103,2 
IN. b. E 40] 39,2 7,8 72 5$11\6523,8|129,9] 26,0 
INE.b.E.ZE.\72] 3349] . | 63,5] 73 25 [6621,0|117,2] 219,4 
ISE. 50 35. 72 50 [6500.4 120, 6 120,6 
ENE 65 249] 50, 773 15 6586,10 85,7] 207,0 
{3114435 3] 2499 30,9 | 812,2 
35˙3 30,9 52; 2 B00} 
Dep. lat. = 276,1 1I219.0 Dep. Diff. long. =| 713, 2 
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By the FIRST Rur x. : 
With 2th of the diff. lat. and departure, viz. 27,61 and 21,9, the di- 


recourſe is N. 38 30 E., and diſtance 353. | 
The co-mid. lat. is 19% 04/; with which, and the departure 219, the 
lifference of longitude is 673. 5 | „„ 

The meridional. diff. lat. 8 52,4; with which, and the direct courſe 
ny 30', the difference of longitude is 676. | 


To find the direct courſe and diſtance from the ſhip's place to the 
North Cape. : | Oe 


Depart, lat, = 6838 N. 5 „„Der Jong. - am RL 
Diff. lat. „ | „ Diff. leg. 
Preſent lat. = 73 14 N. Mer. parts = 65 82, 6Preſent long. = 20 33 E. 


N. Cape's lat. = 71 27 N. Mer. parts 6229, 6 N. C. 's long. = 26 30 E. 


Dif. lat. 1 47 NM. d. lat, = 353.0 Diff. long. = 5 57 E. 


- 


„„ ==107 miles. | ; e213 | Or ==357 miles. 
By MIDDIE LatiTvbe, 

Sum of the lats. 144 417; mid. lat. 92% 21/ ; co-mid, lat. 17 39. 

To the co-mid. lat. 17 39”, and the diff. longitude 357 (119 * 3) 

taken as a diſtance, the correſponding depart. is (36,28 x Z=) 108,84. 


As the diff, lat. 107, and depart. 108,8, are ſo nearly equal, therefore 
The courſe to the North Cape is SE., and the diſtance 152 miles, 


By MzRCAToR, 


The meridional diff. lat. 3 53, and diff. long. 357, taken as a diff. lat. 
and depart, gives the courſe S. 45 20“ E. and the diſtance 1 52 miles. 


81. REMARK. 


The three methods of operation are ſufficiently illuſtrated in the pre- 


ceding examples. From whence it may be inferred, that in latitudes not 
exceeding 4.5?, the fir/? method, or that uſually practiſed at ſea, is correct 
enough for any runs that can be made in one or two days; and one day's 
run may be ſafely worked by the ſame method in latitudes as high as 50? 
or 52? but in latitudes nearer the pole, it will be proper to find the 
difference of longitude to compound courſes by either of the ſecond or 
third methods, as may be ſeen by comparing the reſults to the third and 
fourth examples; the firſt method giving the difference of longitude tos 
mall, by a quantity conſiderable enough to produce fatal conſequences, 
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| SECTION VI. 
The Conſtruction and Uſe of a Mercator's Chart 


The linear and numeral ſolutions of ſuch queſtions as may be propoſe | 
concerning failing, by the principles on which Mercator's charts ate 
founded, having been ſufficiently exemplified; it follows next to ſhey 
how ſuch queſtians may be ſolved by the chart itſelf, ; 


To make a true ſea-chart, which ſhall ſhew the known ſea coafts, iſland, 
_ rocks, fhoals, &c. that are contained within any propoſed limits. 


| SOLUTION, . 
1{, Conſtruct the boundaries or limits of the chart, within the pro. 
poſed latitudes and longitudes (13), and let the degrees of Jatitude and 
longitude be marked on tiefe limits. | | 
2d. On a piece of ſtiff paper, parchment, c. make a ſcale of equi 
parts, like the degrees of longitude that are in the graduated parallel of 
latitude, and let the diviſions on tais ſcale be numbered in the ſame 
ner. ; | 2 : 

3d. From a table of the latitudes and longitudes of places (VI. 13) 
extract thoſe places, with their latitudes and longitudes, that lie within 
the propoſed limits. | : . | 
| 4th. Thea by ſliding the outſide diviſions of the ſcale of the graduated 
parallel along the graduated meridians, ſo that both ends of the ſcale, at 
the fame time, always cut like diviſions of latitude; the points corre. 
ſponding to the latitudes and longitudes of the places contained within the 
propoted limits may be readily marked in the chart. | 

5th. Lines being properly drawn from point to point, will form the 
_ outlines of the ſca coaſts, iſlands, c.; to which may be annexed the 
depths of water, ſetting of currents, and whatever elſe may be judged con- 
veuient for the chart to contain. | ; 

In this manner the ſea coatis, We. were laid down in the chart, Plate 
XII.; ccutaining part of the fea coaſts of Europe, Africa, and America 
with the intermediate iſlands, extending from the latitude of 23 degrees 
to 59 degrees north; and from the longitude of London, or o degrees, ta 
80 Gepgrees of welt longitude. | 8 


83. The Gunter's ſcales have two lines drawn on them; one marked 
M. K., ſignifying the nautical meridian; and the other, which is placed 
directly under it, is marked E. P., ſignifying equal parts. 

Theſe equal parts are degrees of longitude, to which the diviſions of 
the nautical meridian are fiited, by increaſing them in their true propot- 
tion; which is readily done by the table in Art. 13, taking the meridional 
degrees from the ſcale of equal parts, or degrees of longitude, Thee 
two lines, or ſcales, are uſed either to conſtruct a Mercator's chart, or 
to ſhew nearly che meridional diff. lat, between any two parallels of lati- 
tade. 1 ä 
18 Ti 
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The 22 of a Mercator's chart (or rather the limits or borders of 
it) is eaſily performed by theſe lines, by transferring the diviſions, corre- 
ſponding to the degrees to be uſed, from theſe ſcales to the paper the chart 

is to be drawn on. See Plate XII. Thus: 

I. On an eaſt and weſt line (AB) apply the extent, taken from the ſcale 

TY of longitude (EP), between the degrees of longitude where the chart is to 

1 begin and end (ſuppoſe between the longitudes 0? and 80?). | 

Through theſe two extremities (A, B,) draw two meridians (An, BC,) 


1 each of a length equal to the extent, taken from the line of latitudes 
(Mer.), between the two latitudes where the chart is to begin and end 
{ſuppoſe between the latitudes 2.3” and 59*). | 2 
Then the ſeveral degrees both of longitude and latitude, taken from 
* thoſe ſcales, and ſeparately applied in their reſpective places, will form the 
borders of the chart as required. 5 N | 
The meridional difference of latitude is found by taking the extent, on 
I the meridian ſcale, between the two propoſed latitudes, in a pair of com- 
0: paſſes, and applying it to the line of longitude; then the number of 
and equatorial degrees, and parts of degrees, being reduced to miles, will ſhew 
| the meridional diff, latitude between thoſe parallels, 
ua The ſcale of longitude, which was put perhaps on all the two-fee 
| of Gunter's ſcales made before the year 1746 for common fale, had each 
ie. degree of longitude rather Jeſs than {th of an inch, and the meridian 
ſcale fitted to that ſize; ſo that about 85 meridian degrees. came within 
57 the length of the ſcale: and conſequently the charts conſtructed from 
lin them had their degrees rather too ſmall to be of much uſe to ſeamen, 

SS whoſe inſtruments and hands are not, uſually, ſo nice as to work with 
ted tolerable accuracy on ſuch ſmall charts; and ſuch ſcales continue ſtill to 1 
at be made by ſome workmen. But ſince that time certain alterations, | 
Tex conceived to be uſeful, have been made in Gunter's fcales by ſome of fl 
tie the inſtrument- makers, to whom they were communicated * ; and now | | 

a degree of longitude is made nearly half an inch, and is divided into five h 
the parts of 12 minutes each; and the meridional degrees, fitted thereto, are 0 
tie in two lengths, or ſcales ; the firſt containing 40 degrees: and the other, | 
ON beginning at 40?, extends to 68%; moſt navigations being performed Hf 
| within thoſe limits. ez | | 1 
ate The ſcale of lagarithmic tangents, put on the Gunter's ſcale, is alſo a ſcale 7 
IC of meridional parts, or a ſcale of the diffirences of longitude to a courſe on the * 


* 


ces fourth rhumb, or to the rhumb making angles of 45 degrees, with the meri- 
1 00 diane, on a Mercator's chart, 5 | | 0 
For to the latitudes o, 5, 10, 15% 20%, 25 30% c.; the half 
ked . complements are 45% 4225 40, 3725, 357, 3222, 305, Sc. Therefore, 
ced if on the ſcale of log. tang. be ſet the numbers 5, 10, 15, &c. againſt 
the diviſions repreſented by 45% 422, 40% &c., and the intermediate di- 
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s of vilons be eſtimated accordingly; then will thoſe diviſions, taken as lati- 
or- tudes, be the log. tang. of their half polar diſtances, or half co-latitudes; 
nal wich (23) are analogous to the lengthened degrees on the meridian ; 


heſe = conſequently (19) repreſent the differences of longitude on the thumb 
or WW 45. 
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* By the author of theſe Elements. 
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A ſcale of equal parts, or a ſcale of longitude proper to this ſcale q 
meridional parts, may be found by the table, art. 13, p. 137. Thus 
take from the ſcale of log. tang. marked as the ſcale of mer. parts, 2 
above ſaid, the mer. parts to any propoſed latitude ; then that diſtance 
being divided into as many equal parts as there are mer. deg. ſtandime 
aguinſt that latitude in the table, will be the ſcale of equal parts require, 

Thus. The firſt 20? of lat. which is the diſtance from the tangent 
of 45” to the tangent of 355, being divided into 20,4 equal parts, will h 

the ſcale of longitude required. EE | ; | 
Alſo, the firſt 30 of lat. which is the ſpace between 45 and 300 og 
the log. tangents, gives 31,5 equatorial. parts. 5 1 
And (which is the moſt accurate among them) the diſtance between 


the tangents of 45 and 221 anſwering to the firſt 45? of latitude, g 


50,5 equal parts, or degrees of the equator. 


84. PROBLEM II. 


A latitude and longitude being given, to find the correſponding place on th 
chart, Example. Lat. 32 25' N. long. 17 21/ W. Plate XII. 


SOLUTION. 


1ſt. In the graduzted meridian * take the diſtance between the pro. 
poſed latitude and the neareſt parallel of latitude drawn acroſs the chan 
with a pair of compaſſes, as between the lat. 32* 25', and the parallel of 
0. N WEE 2 : a . , 2 
2d. With other compaſſes, take the diſtance in the graduated parallel 4 
between the propoſed longitude and the neareſt meridian drawn acroſs the 
chart, as between the long. 17* 21* W. and the meridian paſſing though 
20? of longitude. ' | OE SEE. 
3d. Slide the point of one compaſs along the meridian of 20%, and a 
point of the other compaſs along the parallel of 30%, keeping the points 
of each pair of compaſſes perpendicular to the line they flide along; then 
will the meeting of the other points of the compaſſes ſhew the place cor- 
reſponding to the given latitude and longitude; which in this example i; 
the weſt end of the iſland of Madeira. % 
This problem is moit readily folved by the means of ſuch a moveable 
ſcale of longitude, as is deſcribed and uſed in the foregoing problem. 
Or thus. A meridian drawn through the degrees of longitude given, 
and a parallel of latitude drawn through the given degrees of latitude 
their interſection will be the place required. „ 


6— = 


— 4 


The graduated meridian is the ſcale of latitudes on the right or left hand 
borders of ihe chart. - | - 8 

+ Ine graduated parallel is the ſcale of longitudes on the top or bottom 
borders of the chart. | 25 DO LE 


— 


55 


Mm the 


po- 
chart 


tlel of 


lel 4 
ſs the 
rough 


and 2 
Doints 
then 
Co- 


ple 13 
reable 


given 


itude, 


— 


t hand 


Jottom 


RO- 


Bock VIII. GLOBULAR SAILING. 185 
hk: PROBLEM II 

A place being given on the chart, to find its latitude and lomgitude, 

Suppoſe Palma, one of the Canary Iſles. Plate XII, 


SOLUTION, 


if, With the compaſſes take the ſhorteſt diſtance between the given 
ace and the neareſt parallel of latitude; this diſtance, applied to the gra- 
Juated meridian from the ſaid parallel, the fame way the place lies, will 


of 305; applied from 39? ſouthward, gives 28? 35 N. for the latitude 
ſought. | 

and the neareſt meridian, being applied to the graduated parallel from that 
meridian, will give the longitude : thus the diſtance from Palma to the 
meridian through 20*, applied from 20* eaſtward, will give 175 210 W. 
ſongitude. | | 


« © PHOBLEMI 


Iaitude and difference of longitude, 
puppoſe Cape Finifterre and the ifland of Porto Sancto, Plate XII. 


SOLUTION. 


Find the latitude and longitude of each place ; then the required dif- 
ferences are readily known. SE” | . 
I; Prob, IE. e at, 2 f 


III. Porto Sanc̃to lat. == 1 15 No Long. : 15 55 W. 
= Diff. lat. = 10 00 D. long. = 6 25 W. 


— ——— 


3„ͤ;́ ́¶ ia 

» find the bearing, or courſe, between two given places on a Mereator's 
chart. N 

dappoſe between Cape Clear and the iſland St. Michael. Plate XII. 


SOLUTION. 


of St. Michael; and, holding the ruler in this poſition, take the ſhorteſt 
diſtance between the edge of the ruler and the center of the neareſt com- 
paſs, or fly in a pair of compaſſes ; ſlide one point of the compaſſes along 
tne edge of the ruler, till the other point cuts the border of the fly; and 
the courſe will be found to be SW, b. S. 4 W. nearly. 

And the like for other places. | 


PRO» 


give the latitude ſought, Thus the diſtance from Palma to the parallel 


2d. In like manner, the ſhorteſt diſtance taken between the given place 


Two places being given on a Mercator's chart, to find their difference of 


Lay the edge of a ruler upon Cape Clear and the middle of the iſland 
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[FROBLEM VE. - : 
Two places being given on a Mercator's Chart, to find their diflance, 


88. Cast I. When the given places are both under the ſame meridian, ir 
under the equator, | | 


- 


SOLUTION. 


Find the latitude of each place when under the ſame meridian, or ther 
longitudes if under the equator. | . 
Fhen the difference of the latitudes is the diſtance ſought; or, the dif. 
ference of longitudes is the diſtance ſought. | \ 


89. Cave Il. ben the given places are both under the ſame parallel q 

latitude. | | 85 DN coll 
Suppoſe between Cape Roxant and the iſland of St. George, Pl. XII. 10 
SOLUTION. | 8 whi 
Lay the edge of a ruler over the given places; take half the diſtance 8 
of thoſe places with the compaſſes; ſet one point on the diviſion cut by IP 
the ruler in the graduated meridian, and apply the other point upward © 
and downward on the ſame meridian, noting the degrees of latitude the og 
faid point falls on: Then the difference of thoſe latitudes will be the dil. Na 
tance ſought nearly. | 5 | * 
Thus, half the diſtance between Cape Roxant and the ifland of $t, 01 

George, will reach from 38 40%, the diviſion cut by the edge of a ruler 
laid oyer thoſe places, to 45? O0 northward, and to 32 20/ ſouthward; 15 
the difference between theſe two latitudes is 125 40”, or 760 miles near}, ” 
for the diſtance required. | | | 

But if the propoſed places lie in a parallel of latitude greater than | 
degrees, it will come nearer the truth to work as follows: Y 
Take that meridional degree in which the parallel falls in the com- - 
paſſes ; and as many times as this diſtance is contained in a Rraight line Ha 


between the two places, of ſo many degrees is their diſtance to be eſti. 
mated ; which is reduced to miles as before. 2 
Thus the diſtance between the latitudes of 38? 00 N. and 39? 00' N. 
will be contained about 125 times between Cape Roxant and the iſland | 
of St, George, or the diſtance will be 12? 40% as before, * lat 
A third method, better than either, is as follows; Conſider what 
number of points and parts of a point is centained in the co-latitude 
of the given places. Extend the compaſſes from one place to the other, 
and ſet this extent from the center of any one of the compaſſes, or flies, i c.1 
that is drawn on the chart along the rhumb which expreſſes the number 55 
of points and parts contained in the co-latitude. Keeping one foot of the 
compaſſes in the point where it falls, ſhut in the other until it will juk 


— —_—_— 
— 4 
Os — — — — 


'* Theſe operations depend on the following proportion: | 

As mer. diff. lat.: proper dif. lat.:: diff, long.: departure; which will i th 
differ but very little from the meridional diſtance, unleſs the places are very ill pi: 
jar aſunder. | | | 


touch 


It 
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touch the meridian that pailes through the center of the fly; and this 
extent being applied to the graduated parallel will give the diſtance be- 
tween the two places in degrees, as is plain from the principles of parallel 


90. CASE III. When the given places differ both in latitude and longituds. 
Suppoſe the Lizard and the iſland of Corvo. Plate XII. Fig. 4. 


-SOLUTION. } 


Find the latitudes of the two places, and their diff. latitude. Take the 
dF. lat, in degrees and parts from the equator. Ve 

Lay the edge of a ruler over the two places; and ſlide one point of the 
compaſſes along the edge of it, until the other point touches a parallel 
(without cutting it); then, the other point reſting here, take the diſ- 
tance from thence to where the edge of the ruler cuts this parallel, 
hien being meaſured on the graduated parallel, will give the diſtance 
fought in degrees. a | | ET 

Thus the difference of latitude between Corvo and the Lizard is 10“ 
o9/; then 10* Og taken from the graduated parallel, and one point of the 
compaſſes applied to the edge of a ruler, laid in the direction cr, ſlide 
that point along CL till the other point touches the parallel of 50 degrees 
in E; then the diſtance DL, meaſured on the graduated parallel, gives 
about 20 25/=1225 miles, for the diſtance required. 


For, if the difference of latitude DE be taken on a meridian through ce, 


from c tor; and the parallel of latitude FH be drawn, cutting the rhumb 
line CL in H; then are the triangles LDE, HCF, congruous; and CH=DL, 
. | Tat (II. 95, 102) 
Now it is evident, that the parts of the triangle CFH, co, bear the 
ſame proportion ta one-another, as have been ſhewn in Art. 25 of this, 
where CF 1s the proper diff. lat. cG the mer. diff. lat., GL the diff. long. 
rn the departure, and CH the diſtance; Conſequently the diſtance DL, 
found as above, is the true diſtance ſought, = 


97. = PROBLEM Vit. 


Given the latitude and longitude of the departed place, the courſe, and the 
latitude of the preſent place: Required that place on the chart. | 


EXAMPLE. | 


| A ſhip from the ifland of Flores runs SE. b. S. 2E. till ſhe finds her- 
ſelf in the latitude 270 29' N.; required her preſent place, Plate XIL 


1 


lig. 5. : 


8 OlVUTIOR. | 
Through the departed place, Flores, draw the given rhumb, viz. 
E. b. S. 4E. and its interſection with the parallel of latitude drawn 
trough the latitude of the preſent place, viz. 27 29', will give the ſhip's 
place on the chart; which will be near the iſland Ferro, or in lat. 279 


#0'N, long. 17 26' W. 
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92. PROBLEM VIII. | v4 
 Grven the departed place, and alſo the courſe and diſtance, to find the fre 
fent place on the chart. 15 | | = 


TEE Ki EXAMPLE | 

A ſhip from the iſland Ferro runs NW. b. N. W. gsr mils, 
what is the latitude and longitude of the preſent place? Plate XII 
F ig. 5. | | ; | 

{ER Yo0LUTLION; ©: 

Lay the edge of a ruler over Ferro in the poſition of the given courſe 
NW. b. N. 4 W.; take the degrees, 15* 51% in the given diſtance, 951 
miles, from the graduated parallel, and apply this extent from Fer 
along the ruler's edge to R; take the neareſt diſtance between R, and 
a parallel pz drawn through Ferro, and ſee how many degrees this ex. 
tent makes on the graduated parallel, which will be 11* 35/ ; thoſe de. 
grees counted northward from Ferro will =u 39* 23' N. for the ſhip 

latitude ; then the point Q, where a parallel through this latitude inter. 
ſects the edge of the ruler, till lying in the firſt poſition, will be the 
ſhip's preſent place. 5 „ 8 

93. F the courſe is due eaſt or weſt. 


FN | Ecantt 8 
A ſhip from Cape Roxant fails due weſt 760 miles: required her pre. 


; SOLUTION, 5 
Take half the * 6 20) in the given diſtance 760 miles; 
add them to, and ſubtract them from, the given lat. 38 42%, noting the 
ſum 45 O2“, and the remainder 32 227: then the extent between thoſe 
degrees, taken in the graduated meridian, and applied, from the given 
place weſtward in the parallel, will give the ſhip's preſent place ; which 
will be near the iſland of St. George. | 
Or thus, if the latituũe be above 30 degrees: | | 
Take the length of a degree in the latitude of the given parallel, as 
much above the parallel as below it; and turn this diſtance over in that 
parallel, the ſame way the courſe is, as many times as there are degrees in 
the given diſtance, and this will give the ſhip's place. | 
Tbus the length of a degree taken in the latitude 38? 42/, and turned 
over from Cape Roxant to the weſt 125 times, the compaſſes will fall on 
the ifland of St. George. ; = 
Or lay the edge of a ruler over the center of a fly, in the direction of 

that rhumb which makes an angle with the meridian, equal to the co- 
Jatitude of the given place. Take the number of degrees in the given 
diſtance from the graduated parallel, and ſlide one foot of the compaſſes 
along the edge of the ruler, until the other touches the meridian paſſing 
through the fly. Keeping one foot fixed, in this poſition, by the edge of 
the ruler, open the other to the center of the fly; then ſet this extent 
from the given place along its parallel of latitude, and it will give the 
preſent place of the ſhip, 


tuc 


al 


Is 


wok VII. GLOBULAR SAILING. 770 


PROBLEM IX. 1550 


* the dep _ place with the difference of latitude and diflance : Re- 


quired the ſhip's place on the chart. 


EXAMPLE. Po 2 
A ſhip from Qſails in the SE. quarter 951 miles, and then finds herſelf 


In lat. 27 48' N., having altered her latitude 11? 35': required her pre- 


ent place. Plate XII. Fig. 5. 


— SOLUTION. | | 
Take the difference of latitude, 11* 3s”, from the graduated parallel; 


lay this extent from Q along the edge f of a ruler, lying north and ſouth, to 


x; turn the edge of the ruler about xy till it lies in an eaſt and weſt poſi- 
tion: from the graduated parallel take 15? 51 the degrees in 951 miles, 
he given diſtance ; apply this extent from Q to cut the edge of the ruler 
in v: let the points of the compaſſes reſt in Q and v, and apply the edge 
of the ruler cloſe to-thoſe points; then the point p, where the parallel of 
27* 480 is cut by the ruler's edge, is the ſhip's-place required. 
95. PROBLEM X | 

Given the departed place with the courſe and difference of longitude : Re- 
quired the ſbip*s place on the chart, | D 
5 Ex AM I. E. £32 

A ſhip from Þ fails NW. b. N. 4 W.: required her place when ſhe has 
altered her longitude 12 53/. Plate XII. Fig. 5. 

=  S$orLuTION. 


Take the given difference of longitude 12 53' from the graduated pa- 


rallel; ſlide one foot of the compaſſes along the edge of a ruler laid on , 
in the poſition PQ of the given courſe, until the other foot juſt touches a 
meridian PT drawn through Pin 1; then will the point &, where the foot 
reſts againſt the ruler's edge, be the place required. | 


96. 1f the courſe had been due eaſt or weſt. 


AMPLI | 25 
A ſhip from Cape Roxant ſails due weſt until ſne has altered her longi- 
tude 16 40“: required her place on the chart. 5 | 


| | SOLUTION. : 
Take the difference of longitude 16? 40/ from the graduated parallel: 
then this extent, applied from the given place, Cape Roxant, due weſt, will 
give the place required, which is near the iſland of St, George. 


97, PROD EL EM:235 | 
Given the departed place, with the difference of latitude and departure 
Required the ſhi P's place on the chart. 5 | 


| EXAMPLE. 

A ſhip from Q, in lat. 39* 23/N., fails between the ſouth and eaſt till 
ſhe comes into the lat. 2748 N., having made by account 649 miles of 
departure: required the ſhip's preſent place. Plate XII. Fig. 5. 


| $oLv TION. | 
Take the given difference of latitude 11* 35 from the graduated pa- 
rallel, and apply this extent from Q, along the edge of a ruler laid in the 


meridian of Q to x; take 10* 49/=649 miles, the given departure, 
a | from 
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from the graduated parallel; ſet one foot on x, and lay this extent eaſtpal 
to v. fo that xv be in a perpendicular poſition to the ruler's edge: lay the 
edge of the ruler on the points Q and v, and where it cuts ze, the par} 


of the ſhip's preſent latitude in p, is the ſhip's place. 
Then the longitude, courſe, and diſtance may be found as befor, 


. | 10 
See Articles 85, 87, 90. fp 
5 | | may 
Given the departed place, with the courſe aud departure . Required the ſhip) þ 
place on the chart. * 
p 
| EXAMPLE. * 
A ſhip from p, in latitude 27? 48' N., fails NW. h. N. 2 W., until e und 
has made 649 miles of departure: required her preſent place; Plate X!], 
Fig. 5. | | 5 
ON a 
| | SOLUTION, ſpir 
Lay the edge of a ruler over the given place e, in the poſition of the given EXC 
courſe NW. b. NA W.; take from the graduated parallel 10? 49/=64g, en 
the given departure, and ſlide one foot along the ruler's edge, until the 
other foot juſt touches a meridian Pr, drawn through p in s; the diſtance = 
8p, applied to the graduated parallel, gives the diff. latitude ; and conſe. ng 
quently the preſent latitude is known: then where the ruler's edge, lying ſhi 
in the ſame poſition, cuts the preſent parallelel of lat. TQ, as in Q is the 
place fought, | | = : 
5 | | pla 
99. BL E M XIII. {ol 
Given the departed place with the diſtance, and departure: To find the ſhit 
preſent place on the chart. | | th 
9 [| EXAMPLE : | 5 
A ſhip from O in lat. 39 23'N., in failing between the ſouth and cal 5 
951 miles, found ſhe has made 649 miles of departure: Where is the pits 
ſent place of the ſhip ? Plate XII. Fig. 5. | 
SOLUTION, . 


From the graduated parallel take 100 2649 miles, the given depar- 
ture, and lay this extent from Q to o directly eaſt ; with the extent 15 51 
=951 miles, the given diſtance, taken from the graduated parallel, one 
foot being ſet in Q with the other foot cut the edge of a ruler laid on 0, 
as a meridian, in v; then ov, meaſured on the graduated parallel, gives f 
the diff. latitude, and conſequently the preſent latitude 272 48” will be ( 
found: lay a ruler's edge over Q and v, and where it cuts the parallel of 

27 487, as in P, is the ſhip's place required. 


\ > 


SECTION 
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ierten; 
07 ſailing on a Great Circle of the Sphere. 


100. GREAT CIRCLE SAILING is the art of finding what places a 
ſhip muſt go through, and what courſes ſhe muſt ſteer, that her track 
may be in the arc of a great circle (or nearly ſo) paſſing through the 
place filed from and that bound to. 


Although Mercator's failing reſolves truly all the caſes incident to a 
ſhip's courſe along the rhumb paſling through two places; yet there is 
no caſe in which the courſe performed on the direct rhumb line is the 
ſhorteſt diſtance between thoſe two places, except when they both lie 
under the ſame meridian, or on the equator. | 


For, on the ſphere, the ſhorteſt diſtance between two places is the arc 
of a great circle intercepted between them (IV. 23) ; conſequently the 
ſpiral, or rhumb, paſſing through thoſe places, is not the ſhorteſt diſtance, 


except when that rhumb coincides with a great circle, which can only be 


on a meridian, or on the equator, 


It is chiefly on account of the ſhorteſt diſtance that this method of ſail- 


ing has been propoſed; and, for the moſt part, it is advantageous for 2 


ſhip to reach her port by the ſhorteſt way ſhe can. 


As the ſolutions of the caſes in Mercator's failing were performed by 
plane triangles ; ſo the cafes in great circle ſailing, are reſolved by the 
ſolution of ſpheric triangles, | | 


A great variety of caſes may be propoſed in this kind of failing ; but as 
they ſerve rather for exerciſes in the ſolution of ſpheric triangles, than for 
any real uſe toward the navigating a ſhip, thoſe which appertain to one 


Problem only will be here more particularly conſidered, as they are the 


moſt uſeiul caſes that uſually occur. 


101. The angle of poſition, is an angle which a great circle, paſſing 
over two places, makes with the meridian of one of them ; and ſhews the 
angular poſition of one place from the other. 5 


PROBLEM. 


Given the latitudes and longitudes of tws places om the Earth: Required 
their neareſt diſtance on the ſurface, togetber with the angles of poſition from 
ether place ta the other. | 


This Problem may be branched into ſix Caſes. 
102. Cask I. When the two places lie under the ſame meridian. 
| SoLUTION. Their diff rence of latitude will give their diſtance ; and 


tie poſition of one from the other will be directly north or ſouth. 
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| 262: CAsE II. When the two places lie under the equator. | 


SoLuTION. Their diſtance is equal to their difference of longitud, 
and the angle of poſition is a right angle, or the courſe from one to the 
other is due eaſt or weſt. | 


104. Cas III. M ben both places are in the ſame parallel of latitul. 


ExamPePLE. What is the leaft diſtance between St. Mary's, in latitud 
37 oo N., longitude 25 0 W., and Cape Henry, in latitude 370 00, ly, 
gitude 76 23 M., | | 


GENERAL Cons TRUCTION. Plate XIII. Fig. 25. 

1ſt. Deſcribe a circle PES, repreſenting the meridian of one of the 
places, ſuppoſe of the eaſtern one, as St. Mary's; draw the line E, repte 
ſenting the equator, and at right angles to it draw the line Ps, for the 
axis of the earth, the extremity of wiich, p, is the north pole, and s is the 
ſouth pole; and on this circle lay off from p to A the complement of the 
latitude of (St. Mary's) the eaſtern place. ; 


'2d, On the equator, lay off from @ to c (IV. 50) the difference «i 
longitude between the two places (51* 2J'); and through p, c, 5 
(II. 72) deſcribe the circle PCs, which will be the meridian of the other 
place (Cape Henry); on which lay from Þ to B the co-latitude of this 
place; which is done by deſcribing the arc A @ about the pole Þ (IV. 68) 
at the diſtance of the co-latitude, | | | 


3d. Through the points A, B, D, deſcribe a great circle ABD. (II. 11 


Then a repreſents one place (St. Mary's), B the other (Cape Henry); 
PA and PB are their co-latitudes; the angle aps, which is meaſured by 
the arc Qc (IV. 9), is the diff. long.; the arc AB is the neareſt diſtance 
of thoſe places; ihe angle PAB is the angle of poſition from A to B; and 
the angle PBA is the angle of poſition from B to A. 


The arc AB may be meaſured as directed in Art. 70. Book IV. 

And the angle PAE, or PBA, as ſhewn in Art. 72. Book IV. 

Now the places having the ſame latitude, pa is equal to pz, and 
AZPABZL4PBA (IV. 90). Therefore, if the arc PI be deſcribed (IV. 75) 
making the angle API 25 417, the half of the difference of lengitude; 
PI will be perpendicular to AB, and biſect ity 

And in the triangle AIP, right-angled at 1, there will be given the hy- 
pothenuſe ap=53* 00/; the Lari=25* 417 : to find the leg ai=hal 
the diſtance ſought, and the CAI the angle of poſition, 


The ſolution falls under Art. 130, 132, Book IV. 


47 


art 
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| Ti find the diſtance. 


hs radius, Or, As rad. — 9c 00” 10,00000 
To fin. hyp. PA; To co-ſ. lat. = 237-00 9,90235 
80 fin. giy. CAPI, So fin, 2 diff. long. = 25 412 9,6370 
o fn. leg 41. | | To ſin. E diſtance == 20 155_ 99 
| - ; — ———— 


Which doubled, gives 40 31for the diſt. æ B. 
And this 405 31“ reduced to nautical miles, is 2431, which is 31 miles leſs 
than 2462, the diſtance given by parallel failing. See Art. 42 of this. 


To find the angle poſition. 


A; radius, Or, As rad. == 9 00" 10,000900 
To co- . hypoth. PA; Do fin. lat.“ == 7 9,7946 
So tang. giv. . API, So tang. + diff. long. ==. 25 41S - q6d25 
To co-t- - . 4. | To co-t. E. poſit, 2 71 9,46 168 


It appears by this, that to ſail ſrom A to B, or from B to A, the ſhip 
muſt firſt ſteer N. 732 Yi W. or E.; and then gradually increaſe her 
courſe till ſhe comes to 1; where it will be due W. or E.; and from thence 
the courſe is to be gradually diminiſhed again till ſhe comes to the other 
port, where it will be 73* 51 the ſame as ſhe ſet out with: But how 
theſe courſes afe to be thus altered will be ſhewn hereafter. 


lob. Case IV. When one place bas latitude, and the other has 
55 none, or is under the equator. nw” 

EXAMPLE, Mhat is the neareſt diſtance between the Iſland of St. Thomas 
in lat. O oo, and long. 10 Oo E., and Port St. Fulian, in lat. 48* 51'S, 
and longitude 65 107 NW.? 7 | | 


Port St. Julian, in lat. 480 5178. Long. 659 10 W. 
Iſl. St. Thomas, in lat. 0 0 Long. 1 co E. 
Julian's co-lat. 41 o Diff. long. 66 10 


By Cox s TRUCTIO R. Plate XIII. Fig. 26. 

Let the point Abe St. Thomas under the equator, the poles of which 
re P and s. | 

Make ac, the meaſure of the angle Asc, equal to 66 10'=diff. long. 

| IV. 

Then as Port St. Julian is in ſouth lat., about s the ſouth a at 7" 
eiſtance of Julian's co-lat., deſcribe the arc aa, cutting sep, the meri- 
dian of Julian, in B. 3 (IV. 65.) 
Through the points A, B, E, a great circle being deſcribed the arc as 
x the diſtance ſought. _ 

The diſtance AB may be meaſured by Art. 70. Book IV. 

And the angles of poſition at A and B are to be meaſured as directed in 
Art, 72. Book IV. ” 


- . . 
— 1 — 


For the complement of a complement is the arc itſelf: Thus Qa, or the 
— from the equator, thews the lat. But QA 1s the comp. of ay; and 
ar of 5 | 9 | | 1 


Vor. II. — M Couęu- 
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COMPUTATION. In the quadrantal triangle AsB, there is 
Given the co-lat. of St. Thomas, or as =9o* oo } The reſt are found 
the co-lat. of Julian, SB—=4I Og 3 in Art. 162, Bock 
the diff. longitude, £ ASB=66 10 JIV. . 
Or, in the ſupplemental triangle acs, right-angled at C, there is 
Given the lat. of St. Julian's, or the leg Bg 489517. 
the diff. longitude, or the leg ca=66 10. 
The ſolution falls under Article 140. Book LV. 


5 To find the diſtance a3. 

As radius, I Or, As radius | == 96* oo" 10,00000 
To co-l. either leg; | Io co-f. diff. long. ac = 66 10 9.60640 
So co-f. other leg, j So co-f. diff. lat. cB = 48 51 9,8182 
To co-f. hyp. To co-f. diſt. AS 2:74 37 : 9.4201 


So that the diſt. AB=74 35 is 4475 miles; whick is leſs by 57 als 
than the diſtance found by Mercator's failing. 5 ; 
To find the angle of poſition at A. (IV. 139.) 

As radius, | Or, As radius _ = a" oo" 10,00000 
To fin. leg ac; To ſin. diff. long. ac = 66 10 9,95129 


So co-t. leg cB, | So co-t. diff. lat, cB = 48 51 99416 


To co-t. op. 2} a. 


To co-t. Zpoſit. at a = 51 22 9,902 


To find the angle of poſition at B. 


As radius, Or, As radius = ge 00' 10,00000 
To fin. leg 3; To fin. diff. lat. en . 9.87079 
So co-t. leg ac, So co-t. diff. long. ac == 66 10 9,64517 
To co-t. op. E. To co-t. C poſit, at B = 71 36 9,52196 


So that a ſhip ailing from the Iſland of St. Thomas muſt firſt ſhape 
her courſe S. 51 22'W, ; and then by conſtantly altering her courſe to. 
wards the weſt, ſo as to arrive at Port St. Julian on a courſe S. 71 36 W. 

ſhe. will nave failed the ſhorteſt diſtance between thoſe places, 


106. Casz V. When the latitudes of the given places are bol 
north, or both fouth. 


ExAMPLE. Mat is the neareſt diſtance between the Lizard and th 
Hand of Bermudas; and alſo the angles of poſition at each place? 
| The lizard in lat. 49% 57' N. and long. 5 21 W. 
Ifl, Bermudas in lat. 32 35 N. and long. 63 32 W. 
Diff. long. 58 11 


By CoNSTRUCTION. Plate XIII. Fig, 27, 


Make pa=57* 25% the co-lat. of Bermudas; pa=4o* og“, the co- lat. 
of the Lizard: and (IV. 68) with the tang. of ra deſcribe the 1 * 
| | 5.5". EW 


* 


und 
00k 


0-lats 
cad 


With 
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With the ſecant, of $8* 11', the diff. long. (IV. 76), deſcribe ares from 
» and s, which give the center of the circle pcs, the meridian of the Li- 
yard; its interſection with à a gives B the place of the Lizard. 
Deſcribe a great circle through A, B, D, (II. 72), and the intercepted 
arc AB is the diſtance ſought ; and the angles PAB, PBA, are the poſitions 
uired. | 5 5 
The diſtance AB may be meaſured by (IV. 70); and the poſitions by 
V. 72. | | „ | 
0 Had - eaſtern place, the Lizard, been put on the primitive circle, the 
great circle AB would have been difficult to deſeribe; and therefore the 
weſtern place was put on the primitive circle, it being a matter of indif- 
ference which of the places is ſo taken. 5 | 
ComPuTATION, In the oblique ſpheric triangle aps. 
Given Bermudas's co lat., fa=57%*25'J _ | 
Lizard's co-lat., PB=40 03 | Require the reſt, 
Diff. longitude Z£aPB=58 11 ; 
The ſolution falls under Art. 151. Book IV. 


To find the diſtance AB. | | 
As radius, | Or, As radius x go 00” nes 
To co-f. giv. £ 3 To co-1. diff. long. LarB= 58 11 9.72198 
80 tang. eith. fide, So tang. Berm. co- lat. a= 57 25 10, 19442 
To tang. M. | To tang. fourth arc == 20-48 | 9.91640 
Which take from Lizard's co-lat. = 40 03 
Leaves a fifth arc = O 32=N, 
As co-ſ. M, As co-f, fourth arc == 464 o, 1 1270 
To co-ſ. x; To co-f. fifth arc = 89 3 9, 99998 
do co-ſ. fide 1ſt uſed, So ſin, Bermudas lat. * 1 9,7312 
To co- . fide required. To co-. diſtance an 2 45 44 9,84389 


To find the angle of peſition PB A. (IV. 150). 
As this angle is oppoſite to the {ide uſed in the firſt proportion, therefore 
the fourth and fifth arcs here uſed, are the ſame as above. 


As fin. x, As fin. fifth arc =: 0" 2,03113 
To fin, M; To fin. fourth arc = 39 31 9,80300 
$0 tang, given £, So tang. diff. long. . Ap B == 58 11 10 20731 
To tang, req. Z. To tang. £4 poſit. Leda. = $9 29 I2,04210 


To find the angle of poſition PAB. 


The other parts being found, this angle may be found by the proportion 
between oppoſite ſides and angles. Thus: one OY 


As fin, PA, Or, As hin. Bermudas's co-lat. 579 25 0,07 437 
To fin, 4. eBa; | To ſin. L. poſ. at Lizard = 89 29 9.99998 
8o ſin. BP, So fin. Lizard's co-lat. == 40 03 9,8085 2 
To fin, 4 PAB. To in. C. poſ. at Bermudas= 49 47 988287 

| | | | | 


R 2 Or, 


— 
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e; working by Art. 150. Book IV. the ſame angles would be 6. 
taine 
Had the two firſt proportions been worked with the Lizard's latitude in. 
ſtead of Bermudas's, the ſame diſtance would have been found. | 
So the ſhorteſt diſtance between the Lizard and Bermudas is 4 ml 


or 2744 ſea miles; which is 56 miles lefs mo the diſtance found b As 
Mercator's failing. Tc 
And a ſhip to run this ſhorteſt wa 4 ſail from the Lizard 0 
89 29/ W., and gradually leſſen the courſe, fo as to arrive at Bermuda Tc 
on the thumb bearing S. 40 47'/W. : whereas the direct courſe from one 
place to the other, as found by Mercator s ſailing, is S. 68 of W. 
107. CAsE VI. When one of the given places has north latitud, 
and the other has fouth latitude. A: 
s What is the neareſt di Nance rom the Iſland of St. Helina u : 
the Iſland of Bermudas; and alſo the angles of poſition at each place? 
| Iſland of Bermudas in lat. 32% 35' N. and long. 63 32 W. Ti 
Iſland of St. Helena in lat. 15 55 8. and long. 5 49 W. 
Diff. long. 57e 477 
„ e P, 
By CoxsSTRUCTION, Pl. XIII. Fig 28. I: 
Make Qa=15* 55, the lat. of St. Helena! ; deſcribe the arc aa about! 
(IV. 68) with the tangent of pa=57* 25 the co-lat. of Bermudas. 
Arcs deſcribed from P, s, with the ſecant of 57* 43”, the diff. long., wil 2 
give the centre of the circle pcs, the meridian of Bermudas; and its in- a 
terſection B with aa, is the place of Bermudas. 0 
Deſcribe a great circle through a, B, D; the intercepted arc AB is the U 


diſtance ſought, which may be meaſured by IV. 70; and the angles yay, 


ABs, are the poſitions required, which are to be meaſured as directed | in 
Art. 72. Book IV. | | t: 


CoMPUTATION. In the oblique ſpheric triangle ABP. 
Given PA=109* 557, St. Helena's lat., added to 90? z or its N. _ dit. 
PB= 57 25; Bermudas's co- lat. 
{. APB= 57 43, their difference of longitude. 


To find the reſt. The ſolution falls under Art, 150, 151, Book IV. c 
To find the diftance AB, | 

As radius, Or, As radius | — 90% 05 10, coo⁰⁰ 
To co-· ſ. Z To co- f. diff. long. 2 7 43 9,7276 a 
So tang. PB, So tang. Berm. co-lat, = $7 25 10,1944! t 
To tang. M. To tang. fourth are r 39 53 „ . 9.9286 t 
| Which taken from =105 55 St. at 
5 ——— [polar diſt | 

Leaves a fifth are = 66 O2 N. 

| As co-f. M, IOr, As co· . fourth are 22 39 53 0, 11501 ; 
To co-f. x | To co-l. fifth arc = 66 02 9,60874 

So co ſ. PB, 80 fin. Bermudas lat. * 12 30 27321 

To co-ſ. a3. To co- . diſtance = 73 26 9.45406 


Ti 
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To find the angle of poſition PAB. 
The fourth and fifth arcs being found as before. 
66% 027 6,03916 


A; fin, N, Or, As ſin. fifth are = 

Io fin, M3 | To fin. fourth arc = 39 52 9g80701 
Sd tang» LPs | SO tang. diff. long. = 57 43 10,19944 
To tang. . A. TY To tang, I poſition PAB = 4.8 ole BY 10,04561 


To find the angle of poſition ABP, 


As fin. Ba, !! - 2 3 = 7326 0, 01841 
To fin. ; O fin. diff. long. = $7 43 9.92707 
90 fin. PA, 5 So fin, St. Helena's N. P. diſt. =105 55 9.98302 
To fins ZL ABT. To fin. Z. poſition ABP = 589 on' 9,92850 


But becauſe the given difference of latitude is leſs than o, and the ſide 
pa greater, the angle Ag muſt be greater than 90* and is, therefore, 
1215 50% which is the ſupplement of 585 or. | 


$9 that were a ſhip to ſail from St. Helena to Bermudas on the are of 
a great circle, ſhe muſt firſt ſhape her courſe N. 48? 00' W., and gra- 
dually alter it from the north towards the weſt, ſo as to arrive at Bermu- 
das on a courſe N. '58? or W., after having run 73* 26 or 4406 ſea 
miles. | 


The courſe found by Mercator's failing is N, 4845 W., and the dif- 
tance is 4414 miles. | . 5 | 


By this it appears, that when the places are one in N. latitude, and the 
other in S. latitude, and neither of them far from the equator, there is 
but a ſmall difference between the reſults found by Mercator's and great 
circle failing ; for near the equator the rhumb lines do not ditter greatly 
from great circles, OS | 


From the ſolution of the foregoing caſes it is plain, that to ſail on the 
arc of a great circle, the ſhip mutt continually alter her courſe. But as 
this is a difficulty too great to be admitted into the practice of Naviga- 
tien, it has been thought ſufficiently exact to effect this buſineſs by a 
kind of approximation; that is, by a method which nearly approaches to 
ailing on a great circle. 5 22 | 

108. The principle upon which thiF approximation is founded, is that 
in ſmall arcs, the difference between the arc and its chord, or tangent, is ſa 
ſmall, that they may be taken one for the other in any nautical operations. 


R 3 Upon 


. 
4 
2 
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Upon this principle, the great circles on the earth are fuppoſed to hx 
made up of ſhort right lines, each of which is a ſegment of a rhunk 
line. | bh | 

And on this ſuppoſition the ſolution to the following Problem i 
founded. BEE. | 


FROBLEM-I 


109. Having given the latitudes end longitudes of the places ſailed frin 
and bound to, to find the ſucceſſroe latitudes on the arc of a great circle in 0 % 
places where the alteration in longitude ſhall be a given quantity; togetl 
with the courſes and diſtances between thoſe places. 


SOLUTION, 


I. Find the angle of poſition at each place, and their diſtance by one of 
the preceding fix caſes. | | 


II. Find the greateſt Jatitude the great circle runs through; that % 
find the perpendicular from the pole to that circle; and alſo find 
the ſeveral angles at the pole, made by the given alterations of 


longitude between this perpendicular and the ſucceflive meridians 
come to. | | - 


UI. With this perpendicular, and the polar angles, ſeverally, find a 
many correſponding latitudes, by ſaying (IV. 148): 
As rad, : tang. greateſt lat. : : coſ. 1ſt, polar Z. : tang. 1R. lat, | 


1: coſ. zd. polar C: tang. ad. lat, 
Sc. . | 


IV. Having the ſeveral latitudes paſſed through, and the difference af 
longitude between each, find, by Mercator's ſailing (57), tho 
courſes and diſtances between thoſe latitudes, and theſe are the 


| ſeveral courſes and diſtances the ſhip muſt run to keep nearly 
on the arc of a great circle, 


The ſmaller the alterations in longitude are taken, the nearer will this 
method approach the truth; but it is ſufficient to compute to every fve 
degrees of difference of longitude : the length of an arc of five degrees 
dif-ring from its chord or tangent only by o, O2; as may be found 
from the Articles 25, 31, 33. Book III. | | 


110. QuesTION I. A ſhip being bound from a place in lat. 37* 00' N. 
long. 22* 56 W., to a place in the ſame lat., and in long. 76O23/ M., it i 
' propoſed ſhe ſhall ſail as near the arc of a great circle as ſhg can, by altering 
her courſe at every frue degrees — of longitude; required the latitude 


at each time of altering the courſe, and alſo the caurſes, and diſtances betwees 
thoſe ſeveral latitudes. | | | 


Lat 
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Lat. of the place ſailed from is 37* oO N. the long. 22 5&'W. 
i of the place bound to is 37 oo N. the long. 76 23 W. 


The diff. of long. 53 27 


The figure being deſcribed, and the computation made as in Art. 104. 
the diſtance BA is found to be 42 o&/, and the CA or /4.B=73* 09), the 
ve of poſition. Plate XIII. Fig. 29. 

Now the triangle aps, being iloſceles, the perpendicular pi falls in the 
middle of aB; and the latitudes, courfes, and diſtances, being known in 
running the half 31, thoſe in the half IA will alſo be known. 

Let the points a, , c, 4, &c. be the places arrived at on each altera- 
tion of five degrees of Jongitude : then will the arcs Pa, Pb, Pe, Pd, &c. 
be the reſpective co-latitudes of thoſe places, and are the hypothenuſes of 
the right-angled ſpheric triangles P14, P16, Pic, pid, &c. 


al 


a As rad. == 90 oO 10,00000 
In the triangle PIB. To ita. PB = 53 % q,9024%8 
Given z 3 007 So fin. £8 = 73 09 9.,98c04 
{.Ppi == 73 09 5 „ 
To find PI. To fin, 1 = 49 51 9.88329 

22 | | 

0 357 | | LO 

Now LTS _ ) 20* 431; CLIP =I 43413 L1Þb=10' 437; 


Lic 11e 43%; ZIird = 43%, are the ſeveral polar angles. 


21 43416 432/11 431 6431“ 

. — — 

Then rad. = go? O 10,00000| 10,00000; 10,00000; 10,00000 
To co-t. P1 =: 49 $1 | 992614) 9,92612| 9.926120 9,92612 
So co- ſ. polar angle ä 9.96800 9.98123 9, 99084 9, 99700 
To tadg. lat. 9.89412] 9.90735 9,91696| 9,923 12 
Which are 38% 05") 38* 560 39% 33“ 39 57 


The degrees and min. ſet over each column, are the polar angles uſed 
in that proportion, and the correſponding latitudes ſtand at the bottom. 

111. The firſt term of theſe proportions being radius, and the ſecond 
term conſtant, the operations may be very expeditiouſly performed thus: 

On a flip of paper let the log. of the ſecond or conftant term be writ-⸗ 
ten of the ſame ſize with the printed figures; apply this log. cot. ſucceſ- 
ſirely to the log. co- ſines of the polar angles: Then the ſum of the two 
logs. being written down each time, will give the log, tangents of the 
ſeveral latitudes arrived at. > : | 

By this method, each proportion will be worked by writing down only 
one line, 2 | 

Hence it appears, the ſhip muſt firſt ſail irom the lat 37* 00'N. to lat. 
38 05/N.; thence to lat. 38* 56'N.; thence to lat. 39* 33 N.; thence to 
lat. 30 57“ N.; thence to lat. 40% og N., which is the greateſt latitude 
ſhe muſt go to; and from thence ſhe muſt proceed through the latitudes 
39 57', 30 33 38 56', 38® 057, and ſo to 37 00), the parallel ſhe ſet 
Out from, and in which ſhe is to find the place ſhe is bound to. 


R 4 Now 


' tween the places anſwering to the ſecond and third columns. 


ö 
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| Now between theſe ſeveral latitudes, with the reſpective differences 
of longitude, find, by Mercator's failing, Art. 57, the courſes and dif. 
tances. | | _ | 

If the reſults of the ſeveral operations, in the queſtions of great eirche 
failing, be entered in ſuch a table as the following, it will be found of 


ſome convenience to the operator. . 


— 


Succeif. Diff. [Ditt. [Merid, [Mend. wy 


Succeiti.| | 
lats. long. | lat. | parts. | d. lat. Cour. Dif, | 


longs. 


Polar angles, 


i his 


1 


Z.1PB 262 432 225 50' 37 O0 | 2392,0 | 
Cra 21 43+ |27 56 38 og [300 65 247 4,0 82,0 [74.43 2466 
£1Pb 16 437 32 56 38 56 1300 | 51 |2539,8| 65,2 77.4 2400 
Zire 11 431 37 56 39 33 [300 | 37 258760 47,8 8,57 2352 
Lied 6 432 2 56 39 57 300 | 24 |2618,>| 31.2 84,04 2322 

49 394/149 ©9 403,5 12 2634,5 15,7 |87,46| 307 
| = 


5 5 | 1 1261, 


In the firſt column are the angles at the pole contained between the 
perpendicular and the ſeveral meridians differing by 5e of longitude, 

In the ſecond column, the departed longitude 22? 56/ being increaſed 
by the differences of longitude, make the ſucceſſive longitudes come to, 

In the third column are the ſucceſſive latitudes paſſed through in ſail. 
ing from the place ſet out from to the greateſt latitude. 

In the fourth and fifth columns are the differences between the longi- 
tudes and latitudes in the ſecond and third columns. | | 

In the ſixth column are the meridional parts to the ſucceſſive latitudes; 
and in the ſeventh column are the meridional diff. of latitudes. 

The eighth and ninth columns contain the courſes and diſtances be— 


The numbers in the third, eighth, and ninth columns, are found by 


working the logarithmic proportions on a waſte paper; but the work is 
here omitted, as it is fo eaſily ſupplied. 


Now the column of diſtances being fummed up amounts to 1261,9; 

which being doubled gives 2523,8 miles for the diſtance between the two 
laces. | 5 | 

P And the courſes the ſhip muſt ſteer are, iſt. N. 74 43“ W.; 2d. N. 
77 44% W.; 3d. N. 80 577 W.; 4th. N. 84* O4 W.; 5th. N. 87 
460 W.; 6th. S. 87“ 460 W. ; 7th. S. 84 04/W. ; 8th. 8. 80 57 W.; 
ch. S. 77 44/ W.; loth. S. 74 43/ W.: and wn theſe courſes ſhe mult 
run the reſpective diſtances ſtanding againſt them, — 


112. QUESTION IL. It 5s propoſed that a ſhip, beund from the Lizard ts | 
a place in lat. 32 25 N. and long. 66 45'W. fhall fail on a great circle 
and alter ber courſe at every five degrees of longitude ; required the latituces 
through which the ſhip is to paſs, and alſo the courſe and diſtance between each. 
The Lizard's lat. is 49957 N. Long. 5 21“ W. ) A. . 
Lat. place bound to is 32 25 N. — 65 45 W. Diff. long. 619 2. 
Having deſcribed the figure, Plate XIII. F ig. 30, and found the CPA 
=49* 35% the CBA 87 15% and the fide AB 47 54 as in Aft. 106. 
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(IV. 73) 


In the equator, lay off from the center the tangents of 5, 10, 15, 20, 
Se. to 55 degrees; and thoſe points give the centers to the ares of co- 


Draw P1 at right angles to ABD. | 


lat. to every 5 diff. longitude. (IV. 75) 
Db find the perpend. PI. To find the polar angle Apr. 

As rad. == 90® oo 10,00000 | As rad. = 99” OO 10,00000 

To fin. FA == 57 35 9.92643 To tang. Za = 49 35 10,06978 

8 fin. LA => 40 35 9,88158 | DO coſ. Ar. = 3 25 9.72922 

To fin. PI | =>. 40 O0 9, 80801 To cot. CA l = 57 48 9.79900 


Now the polar angle APT, or the diff, Jong. between the perpend. pr 
and the meridian of the place bound to, 57* 48, being taken from 612? 


| 24/, the whole diff. long. leaves 3* 39” for the diff. long. between the 


Lizard and the point 1. Alſo 5 the propoſed alteration of longitude, 
being ſubtracted as often as can be from 57? 48”, leaves the ſeveral polar 
angles; with which, and the perpendicular Pi tae ſeveral latitudes arrived 
at are found by Art. 111. | | 
Then having thoſe latitudes, and the differences of longitude between 
them, find the ſucceſſive courſes and diſtances by Art. 5-. | | 
Let the ſeveral reſults be placed as in the following table; the loga- 
rithmic work being performed on a waſte paper is here omitted. | 


Alfo, ſuppoſe the ſmall letters in the figure ſupplied. 


bed he hall ſail near the arc of a great circle Paſſing through thoſe pla " 


3 S uccefl.[Succefl. Diff. Diff Merid. Merid. - 4 

Polar 203008 | longs. | lats. long. lats. parts. | d. lat. Cours Huh 

5* 149 57 216 134998 la 4137 

Lip B 30 36 8 5050 00 oo 234745 2 88 = _ 
Lira 2 48|11 38149 50 300 1434774 2177 88 62 1942 
Lieb 7 4816 384 44 300 2744 41,682 96 196.4 
Lipc 12 4821 3849 17 300 400408,1 60,9 78 31 20,6 
1d 17 4826 38 48 37 300 55 334722 82.5 74-37} 20753 
Live 22 4831 3847 42 300 71 3204,7 104.370 50] 2:0,3 
Lief 27 48 6 38 46 31 300 88 3160, 4 126,267 10 220 8 
Livg 32 48 41 3845 03 300 106 84˙ 14,8 46 239.8 
417 37 4840 38 43 17 3000 127 Wee 171,5 60 15 269 
{tpi 42 48 5 38 41 10 300 149 */ 1460 19444 57 O3 273.9 
dr, 47 4 zu ” - 6 300 175 DR 219,853 45 246, 1 
1P/ 52 1 "| 9,6 
* 86s 38 3 25 50 3 "MY 5 * 

| | = 


Now the ſur; of the ſeveral diſtances make 2871.8 miles, 
But the diſtance in the arc of a great circle is 2874 miles, 
The difference of the two :nethods is therefore 2,2 miles. 
In this example it was judged neceſſary to keep the fractional place in 


the meridional parts, in order to have the diſtances more accurate. 


113. QuesT1on III. A pip being bound from à place in lat. 16 O0 K. 
lng. 6 15/ W. to a place in lat. 32 25“ NM. long. 66* 3S' W. it is fre- 
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end alter her courſe at every 5 of langituae : required the latitudes uh 
thoſe courſes are to be altered, and alſo the courſe and diſtance between. © 
place of alieration. . N I 
Lat. of place ſailed from 16% 0 S. Long. 6*%i5*W. Thai... MY 
Lat. * hound to 32 25 N. Lon 42 66 38 W. Diff. long 60. 23% Y 
Having deſcribed the figure, Plate XIU. Fig. 31. and found: the 4 IA 
=120* 5“; ZPAB=49' 20'; and the diſtance AB 75 19“; & ns 
Art. 107. | | 7777 oe 

In the equator QF, lay off from F the tangents of '5? 105% Ge. to 5 
and thoſe points will give the centers to the męridians paſſing thraugb 
cvery five deg. of long. between the two places. 5 | 1 
To find the perpendicular. | To find the polar I. 

As rad. = 99? oo 10,00000} As rad. = yo* 00” 19,0000 
57 35 9.92643 io co-ſ. Br = 57 35 9% 79 
So fin. C PBI 59 45 9793643 So tang. Z fI = 59 45 1% % 


"x 


. 


To ſin. ri== 46 49 9.862860 To cot. Cn = 47 25 9,90 3 


| | X 4 — 
Now the ſeveral polar angles, Jongitudes, latitudes, diff. of lohgs, 
diff. of lats., mer. parts, mer. diff. of lats., courſes and diſtances, being 
computed on a waſte paper, their reſults are to be entered in a tables 
follows : | | 1 = 
1 | Succelf.Succeff. Diff. Diff. Mer. Mer. yn 
| Polar angles. longs. | lat. long. lats. 1 lat. Oourſes A 
Mt —̃̃ 1 31 
| 60 15116%0'S 73 . „ 
4 r 02481 1511 45 388 ** = 264 48 39“ 386% 
irt == 9) 48 10 15] 7 u6 | 399} 209} 1.5 i 272 147 48 | 4905 


4 


21.437 | a5 N 
ir = 92 4821 15] 2 38 38 25 cs 2 11 
irg == 82 48 31 156 43 — 259 404 — — — — . 
II/ 836 151⁰ 13 e, AF 4 dy af 
933 - 18 ” — is = 30. 258 77 206 [48 26 | 388,80 


2 943 | k 
[rea 67 e ee ho 5 [rl 
ee he 2 = — 15 33 300 2011433 221 53 37 3389 ; 
. 300 18001654 20455 47 320 I 
+ I ie 323 7 . 200 58 14 3200 

55 - 38 55 25 | 12058 | ; 


| 5 4 = 8221 4 
114. The track of a ſhip when directed nearly in the arc of a greatcit-! 
cle, as in the preceding articles, may be delineated on the Mercator! 
chart, by marking on it, by the help of the latitudes and longitudes, te 
ſucceſſive places where the ſhip is to alter her courſe; then thoſe place} 
or points being joined by right lines will ſhew the path, along which the 
ſhip is to fail under the propoſed circumſtances. | | 
Thus in Plate XII. the route propoſed in queſtion II. Art. 116, 0 
drawn from the Lizard to Bermudas, the ſituations of thoſe two place 
as they are laid down in that chart, being thoſe propoſed in this example, 
And notwithſtanding this track on the chart appears much longer tha} 
the rhumb paſſing through thoſe two places, yet it muſt be rememberch{ 
that theſe rhumb lines are only the repreſentations of curves on the ſphelt, 


the abſolute lengths of which are not hereby expreſſed, 11 
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SECTION VII. 


F the errors arifing in the caſes of Sailing, 
upon the ſuppoſition that the Earth is not a 
| Sphere. 


Book, have been delivered in the opinion that the Earth is a ſphere ; but 
t has appeared from many obſervations made ſince the Year 1672, 
Wat its figure is not that of a perfect ſphere ; its axis, or polar diamet 

deing ſhorter than the equatori al diameter, 
This notion firſt aroſe from obſervation made on pendulum clocks ; 
zhich being fitted to beat ſeconds in the latitudes of Paris and London, 
were found to move ſlower as they approached the equator ; and the pen- 
lulums were obliged to be ſhortened about '7 parts of an inch, to agree 
with the times of the ſtars paſſing the meridian (V. 264). This diffe- 
rence in the lengths of the pendulum appearing to thoſe great men, Huy- 
gens and Newton, to be a much greater quantity than could ariſe from 
the alteration by heat only, they, ſeparately, diſcovered that the Earth was 
lated at the poles *; and Sir Iſaac Newton has ſhewn in his Principles 


ular diameter is to the equatorial diameter, as 229 is to 230. 


— 


* To give the learner a notion how this concluſion was drawn, it has been 
thought proper to add what follows, collected chiefly from Newton's Princip. 
Book III. Prop. 18, 19, 20. | noe 

CENTRIPETAL FORCE is, like Gravitation, that power by which heavy 
bodies tend towards a center. „ 

CenTRIPUGAL FORCE is that by which bodies recede from a center; in 
the manner that the particles of water and thrumbs fly from a whirled mop. 

The ſwifter the mop is whirled, the greater is the centrifugal force, and 
the particles fly off with greater velocity. 

The diurnal rotation of the Earth gives to all its parts a centrifugal force, 
by which the parts receding from the axis endeavour to aſcend about the 
equator; for if it was not higher there, the ſeas, from the centrifugal force, 


tere under water, 


Bodies ated on at the ſame time by a centripetal and a centrifugal force, 
have their power of gravitation leſſened. 


A falling body moves ſwifter as it approaches the Earth. 


Gravitating bodies move ſwifter as their gravity increaſes; and the con- 
trary. „5 


A plummet at the end of a ſtring, or a pendulum, when made to ſwing, 


returns to its loweſt point by its weight or gravity. | | 

And the {lower the vibration of the pendulum is, the leſs its gravitation. 
_ Conſequently, the ſame pendulum vibrating ſlower than would ariſe from 
its lengthening by heat, ſhews a decreaſe of gravity in that pendulum; and 
as this — of gravity became gradually greater in approaching the equa- 


tor, the Earth muſt be more prominent there than at the poles; that is, the 
harz is a little flatted at the poles, | 
05 116. But, 


115. The reaſoning and' concluſions in the preceding Sections of this 


er, 


Natural Philoſaphy, that this flatneſs is about 17 Y miles, and that the 


lubfding about the poles and rifing towards the equator, would lay all things 


.I oP oo 


France; who were joined by M. Celſus, an eminent aſtronomer in Swe- 


their obſervations, it appears that 2% Earth is flatted at the poles. 


ly : the French foot being to the Engliſh foat as 1,068 to 1. 
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116. But, notwithſtanding the ſcientific deductions of this moſt ach 
rate mathematician, many of the philoſophers in France embraced th 
ftrange notion of the Earth's being of an oblong figure, the polar diame. 
ter being the longer. And as theſe different notions were ſuppoſed i) 
retard the general progreſs of ſcience in France, their KI reſolved thy 
the affair ſhould be determined by actual menfuration at his own exyence 
Accordingly, about the year 1735, two companies of the moſt able m. 
thematicians of that nation were appointed ; the one to meaſure a degree 
of a meridian as near the equator as they could ; and the other company 
to perform a like operation as near the north pole as could be conyen. 
ently attempted. | 5 | N 
117. For, the Earth being ſuppoſed a ſpheroid, and conſequently eyen 
meridian an ellipſis, it was known, as a mathematical problem, that the 
reſpective meaſures of a degree of a meridian in each of two known if. 
tant latitudes being had, the relation of the diameters could be found: 
and, that if the meaſured lengths of thoſe degrees increaſed towards the 
pole, the figure would be that of an oblate ſpheroid, ſuch as Newwm 
aſſigned ; otherwiſe, its figure would be an oblong ſpheroid, ſuch as wa 
inſiſted on by Caſſini. Now the length of a degree of the meridian be. 
tween Paris and Amiens, or which had its middle point in latitude yy} 
22/ N, was underſtood to be 57060 toiſes; * having been meaſured by 
Picart, in 1670, and being re-examined by Caſſini in 1701. And this 
length was to be compared with the length of a degree meaſured at the 


— 


polar circle and the equator. ; 
118. The gentlemen appointed for the northern expedition were 
Meſſieurs Maupertuis, Clairaut, Camus, le Monnier, and Outbier of 


den. The company proceeded to Swediſh Lapland, and began their 
operations in July 1736, which they finiſhed in the following May; and 
among many other curious and uſeful particulars they obtained the mes: 
ſure of a degree, the middle point of which was in the latitude of 66* 20 
N., and found it to be 57438,9 toiſes, when reduced to the level of the 
fea ; and diſcovered that the Earth is flatted at the Poles, the proportion 
of the equatorial diameter to the polar diameter being as 1 to 0,9891. 
119. The other company of gentlemen, who were ordered to ths 
ſouth, conſiſted of Meſſieurs Godin, Bouguer, and la Condamine, of France; 
to whom were joined Don Forge Fuan, and Don Antoine de Ulloa, of 
Spain. Theſe mathematicians departed from Europe about the middle 
of the year 17.35, and began their operations, in the province of Quito in 
Peru, about October, 17 36, and finiſhed them in eight Years, after many 
interruptions. Among the valuable pieces of knowledge reſulting from 


120. The Spaniſh gentlemen, who publiſhed their account ſeparately, 
aſſign 56767,8 toiſes for the meaſure of a degree of the meridian at the 
equator, and 266 to 265; or I to , 99624 for the ratio of the equatorial 
to the polar diameters of the earth. 


_—_} 
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M. Bouguer gives for the meaſured length of a degree of the meridian 
at the equator 56753 toiſes, when reduced to the level of the ſea, and 
makes the diameter of the equator to that at the poles, as 179 to 178; or 


to 0,9 441. 5 : 
5M. de 58 gives for the meaſure of a degree under the equa- 


tor, a length of 56749 toiſes. | 

M. De la Caille, being at the Cape of Good Hope in 1752, found 
the length of a degree of the meridian latitude 33" 18378. to be 57037 

es. 3 | | 
* 1755, Father Boſcowich found the length of a degree in latitu e 
4 N. to be 56972 toiſes, as meaſured between Rome and Rimini in 
Jtaly, In the year 1740, Meſſieurs Caſſini, the younger, and De la Caille 
again examined the former meaſures in France; and, after making all the 
neceſſary corrections, they found the meaſure of a degree, the middle of 
which is in 49* 22” N., to be 57074 toiſes; and the length of a degree of 
the ifieridian in latitude 45 to be 57050 toiſes. 1 ek 

121. M de Maupertuis has added to his narrative of the obſervations 
made by himſelf and his aſſociates in the north, a method of eomputing 
me proportion between the polar and equatorial diameters, from the 
meaſurements taken in any two different latitudes ; but he ſolves the pro- 
blem by an approximation only, Among the curious problems commu- 
nicated by Mr. Jones to Mr. Gardiner, and publiſhed by him in his quarto 
edition of logarithmic tables, there is the reſult of a true ſolution of this 
problem, but without either analyſis or demonſtration. While I was in- 
tent on an inveſtigation of the ſolution, Dr. Pemberton was pleaſed to put 


3 into my hands a very elegant one of it by his friend Dr. Letherland, with 
Sue. lee to communicate it to the public; and I ſhall accompany it with 
as ſuch other problems, as are requilite for applying this ſolution to the 
an purpoſes of navigation, the whole compoſing the ſeries of problems fol- 


me- 
6 200 
of the 
ortion 
1. 


lowing, 


122, - PROBLEM-L 
Suppoſing the Earth to be a ſpheroid, haviag its axis lf than the egua- 


0 the rial diameter, to find the proportion between the axis and that diameter from 
ance; meaſures of a degree of the meridian taken in two different latitudes. 


94, of 
middle 
Lito in 
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r from 


ANALYSIS, 


Let aPap be an ellipſis repreſenting a ſeRion of the Earth through its 
as Pp; the equatorial diameter, or the greater axis of the ellipſis, be- 
ng aA; let E and F be two places, where the meaſure of a degree has 
been taken: theſe meaſures are proportional to the radii of curvature 
in the ellipſis at thoſe places; and if CQ, CR are conjugates to the dia- 
meters, the vertices of which are E and F, o will be to CR in the 
lubtriplicate ratio of the radius of curvature in E to the radius of curva- 
ture in F *, and therefore in a given ratio one to the other, Then q 


rately, 
at the 
atorial 


— 


i. — 


* See Milne's Conic Sect. Cor. I. Prop. IV. Part VI. 4 
„ | | | | an 


- — — —— 


titudes to the ſame radius; and cv, vd will be the augmentations of cy 


the tangent of the angle v; the latitude of the point E, to the tangent 


ſurements, the /atus rectum of the greater axis, and the axes themſelves 
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and RzZs being drawn pa- 
rallel to Pp, and QxYw 
parallel to 3A at the an- 
gles QCP, RCP, are the la- 
titudes at E and F; ſo. 
that theſe angles, and the 
ratio of cQ to CR being 
given, the rectilinear fi- 
gure CVQXRY is given in 
ſpecies: and the ratio of 
vci—zci{=QXXXxW)to 
RZ -* (Rx x Xs) is 
given, which is the ratio 
of Cai to Cpl, There- 
fore the ratio of Ca to ce 
is given, 
Hence, if the fine and co-fine of the greater latitude be each ay. 
mented in the ſubtriplicate ratio of the meaſure of the degree in the 
greater latitude to that in the leſſer, then the difference of the ſquares d 
the augmented fine, and the ſine of the leſſer latitude, will be to the 
difference of the ſquares of the co-fine of the leſſer latitude and the aug. 
mented co-fine, in the duplicate ratio of the equatorial to the polar di 
meter. | A | 
For cg being taken in cd equal. to cr, and gv drawn parallel to u; 
cy and vg, Cz and ZR will be the ſines and co-ſines of the reſpective l. 


and Cq in the ratio named. 


123. 1 CoRoOLLARY I. 


If one of the degrees meaſured is at the equator, the co-ſine of the l. 
titude of the other being augmented in the ſubtriplicate ratio of the de. 
grees, the tangent of the latitude will be to the tangent anſwering to te 
augmented co-ſine in the ratio of the greater axis to the leſſer. 

For ſuppoſing the place out ef the equator to be E; if the ſemicircle 
P/mnp be deſcribed, and Ic joined, and mo drawn parallel to ac; cis 
the co-fine of the latitude to the radius cp; and cy that co-ſine aug: 
mented in the ratio named; y being to v that is, ca to cn or CP, a 


of the angle vc, appertaining to the augmented co- ſine. 


124. CoroLLary II. 


In this caſe, half the latus rectum of the greater axis aa, being the radius 
of curvature in Ay is given in magnitude from the degree meaſured there; 


and thence the axes themſelves will be given in magnitude. 


125. Co ROLLAR Y III. 
Hence alſo the proportion of the axes being given from any two mtv 


will be given in magnitude, For if an angle be taken, the auen, - 
| 
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which ſhall be to the tangent of either Jatitude, as the leſſer axis to the 

-eater, the meaſure of a degree in that latitude, will be to the meaſure of 
a degree at the equator, in the triplicate ratio of the co- ſine of this angle 
o the co- ſine of the latitude. * . 

Thus E being ong of the places meaſured, the tangent of the angle 
reh will be to the tangent of „c the latitude of the point E, as vl to 
70 that is, as the leſſer axis to the greater; and c: : s, cly: 
coy : : coſe Icy : coſe QCY, & being to ch (e“) as the radius of curva- 
rein E to the radius of curvature in A, that is, as the meaſure of a de- 
re in Eto the meaſure of a degree in A, 

And thus both the figure and magnitude of the Earth may be deduced 
from any two meaſurements given. | 


F PROBLEM BE 


* The Barth being ſuppoſed a ſpheroid, to find the ſemi-diameter of a pa- 


allel to the equator in any given latitude. 


res of 

0 the | | | 

ve. et 224 be one fourth part of * 
r (a. an elliptical meridian, where CA, "PF 


the greater ſemi-axis, is the ra- - r 
us of the Earth's equator; and P K 
let 3E be drawn to touch the el- | . 
ipſis in D, and make with A an 
angle CBD equal to the comple- | 
ment of the latitude given; then | | d | 
is D the place on the Earth hav- | 
ing the given latitude ; and the ES J 
ircular quadrant AF being de- 0 A | 
ſcribed with the radius Ca, let GDH be drawn parallel to the leſſer ſemi- 
axis Co of the ellipſis; then BH, cn being joined, BH touches the arch 
AF in H, and is perpendicular to ch. | 


0 U; 
Ive las 
of cy 


the ts 
he de. 
to the 


circle Now as GD : GH (that is, CP : CA) : : tang. Z GBD : tang. C. GBH 
3 Col : | : co-t, latitude : co-t. . Gch. 
e aug. flence the angle cui is given; and radius is to the co- ſine of the 4. Gch, 
CP, 6 BS CH to CG. Whence CG is given, which is equal to the ſemidiameter 


angent et the circle paſſing through p, parallel to the equator. 


1. PROBLEM III. 


The ſpheroidal figure of the Earth being ſuppoſed, to meaſure the elliptic 
ch correſponding to any given latituds, Zu | | 


M. Clairaut, one of the gentlemen engaged in the northern expedition, 
bliged me, when he was in London, in the year 1753, with the follow- 


o mes ie ſeries for meaſuring an elliptic arch. = | 
aſelvez MN If in the preceding figure ac be denoted by a, op by 5, and 42 
gent of # by er; then, 8 denoting an arch in a circle the radius of which is 


which unity, 


AT ds. 8 
* 


© AD will be equal to 


by 
as the fine of twice the latitude to radius. 


bb x 4aa + e. 


an arch the ſine of which is to the ſine of the latitude, in the proportion 


in the ſphere to the ſpheroid, will be— * 2 
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cc unity, which will meaſure the angle GDB, the latitude: of the point d 


15 bbs 


1 bb Bh 2bbcc I5õ h be“ 
cc th 3 CC 8 By 5 c x ſin. 2 87 
— a 


4 WF 6445 Ke. XS 8a + 3245 
« Xx ſin. 4 8 &c, . | 

« But in regard to the earth, all the powers of c above cc may be Nez 
& lected, and the arch Ap conſidered as equal SR 8 


bb X gaa-+ 3cc ee. 
c“ to — 57 * 8 85 *in. _ | tt 
| bb X 4aa+ 3c 3bbcc tabular ſine of twice the lat. 1 
'C 8 ä 8 22 
. Or 4 1 radius 


bb X 4aa+1; 
| 1 
then in this circle, the arch which meaſures the latitude, will exceed a 


3bbcc tab. fine of twice the lat. 3 . 30 be 
3 „ that is, this exceſs will be tor 


Whence if a circle be conſtituted, the radius of which bs 


COROLLARY, 


When AD becomes the elliptical quadrant AP, the ſine of tyice 
the arch correſponding to the angle op vaniſhing, ay will de 
equal to the quadrantal arch of the ſaid circle, the radius of which i 


4a? | | — * 5 
128. PROBLEM IV 

To find the meridional parts in the chart of Aercator”s form for any givu 
latitude, the earth being a ſpbheraid, _ 1 5 £ 


The late Mr. Maclaurin, in his Treatiſe on Fluxions *, has given thi 
rule for reducing the meridional parts of the ſphere to the ſpheroid ; tale 


of the diſtance of the foci in the generating ellipſis, to the greater axis; 
and diminiſh the meridional parts in the ſphere by a number, which {hal 
be to the ſpherical meridional parts appertaining to this arch in the ſan 
proportion. | „ . 
But in the Earth this arch will be fo ſmall, that its fine, the arch it{eh, 
and the ſpherical meridional parts, will not differ ſenſibly from each other: 
whence the number to be deducted from the ſpherical meridional patt 
appertaining To the latitude ſhall be to the number of minutes contained 
in the ſine of the latitude in the duplicate ratio of the diſtance of the foci 
to the greater axis. Therefore in the preceding propoſition c being 
half the diſtance between the foci, the reduction of the meridional puiti 
74 fin. lat. 


radius 


ILY 23.4 


Article 898. See alſo Phil. Tranfad, Vol, 41 page $08, 
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Or in the figure to Propofition II. 2 radius. 


Application of theſe problems to the ſeveral meaſurements above-menti oned. 


127. For finding the ratio between the two axes of the Earth by Prob. I. 


Let E denote the greater, and F the leſſer of the two latitudes, m and N. 
| | | : | 
i - HF, ; n ” I 1 M 
the reſpective meaſures taken in each: and let © denote / _ 
Then * — _ lefler axis. : | 
6, E—5s, F greater axis OJ — 
Alſo if M repreſent the meaſure in a latitude denoted by E, and N 
the meaſure at the equator ; let A denote an angle, the mealure of which 


3M. - 
5 7 7 | : 
„ 
Then 22 is —— 
15 greater axis 


129. The lengths of a degree of a meridian, obtained by actual men- 
ſuration in different latitudes, are the following. 


Maupertuis and aſſociates in lat. 66 20” found M 257438 toiſes. 


CLE wes la Ca; 49 22 M=57074 
Caffini and De la Caille | | 45 © 1 7008 
Boſcowich 43 © M==56972 
De la Caille 33- 18 M=57037 
Juan and Ulloa | | fm=56768 
Bouguer at the equator E 56753 
De la Condamine 4 |  Cm=506749 


Now by comparing the 1 with each of the following; the 2d with 
each of the following; and in like manner the 3d, 4th, and 5th, with each 
of the following, there will ariſe 25 reſults, each ſhewing the rela- 
tion of thoſe axes or diameters z which reſults are here annexed to be 
compared, | _ 


I, Comparing the iſt with each of the following. | 
Putting E for 66® 20', and F for each of the following. Then 
log, of © will be=0,0009203 ; or 0,0009812 ; or 0,001179J3 z or 
00 10142; or 0,0016986 ; or 0,0017368 ; or o, 0 17470. Alſo 
E RO =, F =, 2665 109; oro, 3420650; or o, 3783127; or o, 5413670. 


-E KO, 2622636; or O, 338 1362; or o, 372866); or o, 5366855. 


Alſo, at the equator, log. f, A = 10, 3562314; or 10, 3561943; or 
e „ 1 

And the ratio of the greater axis to the leſſer will be found to be as 
1 to 0,99 19994 or to 0, 993373 or to , 9927763 or to 0, 99452133 
"r to 599540253 or t0.0,9952717 z or to o, 9951407. 
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II. Putting E for 49% 22/, and F for each of the following. Then lo» 
o will be=0,0000609 ; or o, 002589; or 0,0000939z or o, ooo); 
or o, oo008 165; or o, 008267. | | 
And the ratio of the greater axis to the leſſer will be fo. d to be 23 
1 to 0,9981542; or to 0,9946330; or to o, 99092 120; or to 050968662; 
or to o, 9967689; oi to ers 10. | + 
I. Putting E for 45% and F for each of the following. Then 
log. of o will be=c,0001980; or o, oooo330; or 0,000717J; ot 


o, 0075 56 or 0,0007658. | 

And the ratio of the greater axis to the leſſer will be found to be 28 
to 0,9870030; or to 0, 9996164; or to o, 9967087; or to 0,9965152; 
or to o, 996467. . | 8 5 
IV. Putting E for 43e, and comparing it with the equatorial mes. 
ſures (for I do not compare it with that of 33 187, becauſe this com- 
pariſon would require the Earth to be oblong, contrary to the' tenor 
of the other obſervations,) and it will be found, that the ratio of the 
greater axis to the leſſer is as x to o, 9974272; or 1 to 0,9972334 ; 0 
I to o, 9971849. * 3 

V. Putting E for 33 18“, and comparing it with the equatorial mes. 
ſures, it will de found, that the ratio of the greater axis to the leſſer is x 
I to o, 9949364; or 1 to 0,9946205 z or 1 to o, 9045677. 
| The arithmetical means of the ſeveral compariſons are ©,9940688; 

0, 99467 36; 0,9952621 ; 0,9972818 ; o, 9947082. gee of 
And the mean of all of them is o, 9951989. | 

130. RE MARK. 5 
The latitudes of 40 227 and of 45“ fall within the meridian line drayn 
through France, the meaſures of which formerly taken have been r- 
examined, and corrected, ſince the northern and ſouthern expeditions 
If we compare theſe only with thoſe two different meaſurements, that b 
Mr. Maupertuis and his aſſoeiates in the north, and that by Bouguer it 
the equator, the ratio of the greater axis to the leſſer will be reduced to 
theſe ſix, viz. as 1 to o, 9919994; or I to o, 99337; or I to , 995271) 
or I to o, 9981 542; or 1 to o, 9967698; or 1 to 0,9965 152. 

The arithmetical mean of theſe ratios, viz. of 1 to o, 995346), may be 
taken for the ratio of the greater axis to the leſſer; which is as 230 tv 


D ” 


228,92974, or very near the ratio aſſigned by Newton. 


131. The proportion of the axes being given, to find their magnitude frat 
4 meaſurement at the equator. | * 


The circular arch equal to the radius is 57, 29578 degrees; therefor 
this number multiplying the meaſure at the equator, gives the radiv 
of curvature there; which is half the /atus rectum appertaining to tit 
greater axis; and this is to half the leſſer axis in the ratio of the leſſer a 
to the greater: hence firſt the leſſer axis, and then the greater will be 
made known, = ve 
Thus, if the greater axis is to the leſſer as 1 to o, 9953467, an re 
meaſure at the equator 56753 toiſes, as Bouguer has ſtated it, then 
leſſer ſemi- axis will be 3266910 toiſes, and the greater , 90 
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'T | | 

Il. 132. To find the ſame from a meaſurement taken in any latitude. 

log. If M repreſents the meaſure in a Jatitude denoted by E, and N the 

792; meaſure at the equator, N may be found as follows. 1 

"WE By Corollary III. e I. If an angle A be found, ſuch that its 

662; tangent may be — Rt, E; N, the meaſure at the equator will 

Then =M x cube —_ 

„ | 94 . 1 ; 

3 And hence the axes may be known as above. | \ 

25 From the meaſures in the latitudes 66® 20'; 49* 227; 45˙3 and at the 

. equator, ſix ratios between the axes were found (130); now each ratio 
| being compared with both of its reſpeQive latitudes and meaſures, will 

mes. give nine values of the axes, Thus GE 

com- The greater ſemi- axis 3277500, or 3277484, or 3279655, or 3279702, 

tenor or 3271718, or 3271779, or 2282937, or 3273007, or 3274479. 

f the (RY The leffer ſemi-axis 325 1278, or 3251263, or 3257911, or 3257958, 

TY" or 3265678, or 3265704, or 3267414, or 32624 30, or 3263053: 


che greater ſemi-axis 3270473. 

| the leſſer ſemi- axis 3260299. | 

And between theſe and thoſe found at article 130, the means will be fog 

the greater ſemi- axis, 3279328, and for the leſſer 3263604. 

And theſe proportioned by the 2 ratio of the _ found art. 130, 
3 the greater ſemi- axis 327932 | : 

will give finally, for he 2 e e ee — . French toiſes. 

133. Hence the Engliſh foot being to the French, as 107 to 1145 

the greater ſemi-axis will be 3493863 Engliſh fathoms, and the leſſer 

1477606 Engliſh fathoms. | 

and an Engliſh mile conſiſting of 880 fathoms; the greater ſemi-axis 

will be 3070, 298 miles, and the leſſer 3951, 824 miles. 

134. Since in problem III. the exceſs of the arch of latitude, to the 


The reſpective means will be 


— radius — ES above the correſponding elliptic arch, is 10-75 
ed to as the ſine of twice the latitude to radius; and the number of minutes 
277 in any arch is equal to the length of that arch multiplied by 3437 4 (the 


number of minutes in an arch equal to the radius) and divided by the 
radius of that arch, the number of minutes of the circle, the radius of 


bb X 5 3c 5 contained in this exceſs, will be 3 x 34373 


5 2 a f 2e | ? 
divided by this radius, that is, _—— * 343745 as the ſine of twice 


the latitude to radius. But @ being equal to 230, and 588228, 92974, 


which is 


arefore 26 „ a 
— io ok FT * 34374 will be equal to 11, 887 (nearly 12.) 
* Therefore the exceſs of the minutes of latitude above the minutes 


contained in the arch equal to AD of the circle, the ſemi- diameter of 
which is £2. 2 , will be to 11,887, as the ſine of twice the lati- 


a 
tude to radius, 


$2 : And 
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And thus will the arch Ap be aſſigned, as meaſured by a log line x. 
juſted to the diviſions of the elliptical quadrant into 60 times go parts, 
according to the length aſſigned to this quacrant in the corollary annex 
to Problem III. bs „ 

135. This number to be deducted may alfo be found nearly enouph 
by the traverſe tables, thus : | (VII. 66, 67, 

Among the courſes ſeek the double of the given latitude, when under 
45*, or the double of the complement of the latitude, when above 45, 
and againſt 12 in the column of diftances take the correſponding depar. 
ture for the number to be deducted. ES 5 

In an oblique courſe, the diſtance run between any two latitudes wil 
be to the arch of the meridian contained within thoſe latitudes, as radiy 
to the co-ſine of the courſe. | 5 EE 

136. In the next place, in regard to the ſhip's change in longitude o 
an oblique courſe, the difference between the meridional parts for the 


ſphere and ſpheroid (by Problem IV.) is — * 34374, as the ine 


of the latitude the ſhip arrives at from the equator, to radius. 

Therefore, when the equatorial diameter of the earth is to the polar 

diameter, as 230 to 228, 92974, the difference of the ſpheroidal meii. 

dional parts from thoſe of the ſphere will be to 31,919, as the fine of 
the latitude to radius. But by the conſtitution of the meridian line, the 
meridional parts expreſs the change of longitude made by a ſhip, whether 

on the ſphere or ſpheroid, on the rhumb of 45, 

And the change of longitude on this rhumb is to the change of longi- 
tude on any other rhumb, as the tangent of 45 that is, the radius, to 
the tangent of that other rhumb. | | 

137. Moreover, this reduction of the meridional parts from the ſphere 
to the ſpheroid may be taken nearly from the traverſe tables, thus: 

With the given latitude among the courſes, and againft 32 in the co- 

lumn of diſtances, take the correſponding departure for the reduction. 

138. In a courſe due eaſt or weſt at any latitude, the ratio of the . 
dius of that parallel run upon in the ſpheroid, to the ſemi-diameter of the 

Earth's equator, is found by Problem It. And any diſtance run upon that 

parallel, meaſured by the log, being reduced to minutes of the Earth's 

equator ; thoſe minutes will be to the change of longitude in minutes, à 

the radius of that parallel to the ſemi-diameter of the equator. 

The preceding precepts will be ſufficiently illuſtrated by the followiry 
examples. | | | | | 


129. Exam. I. Let it be propoſed to find the diflance a ſhip ſhall rut 
upon the ſuppoſed elliptical meridian, in increaſing her latitude from 42 i bl 
degrees. © | | 


According to article 134, the log-line being adjuſted to a ſphere, tit 


| bb X 4 6 | 
ſemi-diameter of which is —.— 2 ho the reduction from this ſphetc 


to the ſpheroidal earth will be to 11,887, as the ſine of twice the latitud 
to radius, and the calculation will proceed thus: | | = 
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. For the lat. 429. 1 For the lat. 680. 
arts, As rad. | 10, oo000 | As rad. 10, oooo 
Iexed | NR R 588 — | 
To 584 (2X42) 9.99761 | To 7, 136˙ (2 x68®) 9.84177 
ough an N ke 11,887 1,07507 80 e 1,07 50% 
— To the reduction 11,822 1.07268 To the reduction 8,257 0,91684 
455 0 . 5 | | 55 Ng | 2 | 2 3 | * 
tes in 42 == 25 20, 00 Minutes in 68˙² == 4080, ooo 
ys: 2 3 * 2 reduction — 8,257 
— The elliptic we. for 4.2® = 2 508,178 | The elliptic arc for 68% = 4071,743 


The leſſer number deducted from the greater gives 1563,504. for the 


de on dviſions of the log- line adjuſted to the meaſurement of the elliptic me- 
Ir the ridian, which are contained between the latitudes of 42 and 68* on the 

fame {ide of the equator, | | | 3 | 
ie fn Moreover, in the traverſe table, under twice 422, over-againſt the 


number 12 in the column of diſtance, ſtands in the column of departure, 


pol ne number 12 for the firſt correction; and under twice 99%—68*, 
men. dat is, 44 ſtands the number 8 for the ſecend. 

ine of | 5 Sg | 

yn 140. Exam. II. Let it be propoſed to find the courſe and diflance from 


the Lizard, in the latitude of 49 57% N. to Barbadoes, in the latitude of 
I; M, the difference of longitude being 54 36'=3276/, 

For the arch of the meridian, the reduction for the greater latitude is 
11,71, and for the \Jeſler 5,22. Therefore the latitudes reduced are 
2985,29, and 774,79, the difference is 2210, 51, which is the meaſure 
of the elliptic arch between the two latitudes in the meaſures of the log- 


line, adjuſted as above. | 
In the next place the meridional parts are thus calculated, 


Per the latitude 49* 5 . For the latitude 13 of. 
8 hi rad. | lo, coooo As rad, 10,0000 - 
2 0, lat, 49 57 9.88393 To , lat, 1z3 & 9.35209 
artbs WS: 31,919 , Se 31,919 1,50 405 
ates, 3 | ——— — — 
o the reduction 24.43 1,38798 To the reduction 7,18 , 85614 
lowing | 3 eee, | 
by For the latitude of 49 57 For the latitude of 130 | 
te ſphericl. mer. parts == 3469,80 | The ſpheric!. mer. parts = 786,80 
540 run reduction = 24,43 reduction = 7,18 
2 1: 00 he. ſpheroidl. mer. parts = 344337 | The ſpheroid!. mer. parts = 779,62 
Alſo under each of the latitudes, in the traverſe table the ſame redus- 
ere, tie ons will be ound nearly in the columns of departure over- againſt the 
1 umber 32. in the column of diſtance. - 8 
s ſphete A The difference of the numbers 3443, 37 and 779,62, being 2665, 5, 
latitub the meridional parts in the ſpheroid for the difference of the latitudes. 
| nd the meridional diff. lat, in the ſphere is 2683, 
Fit 8 


Hence 
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Hence for the courſe and diflance. 


. In the ſpheroid. But in the ſphere 
Diff. long. = 3276,0 3,5 1534 Diff. long. = 3276, 3$1534 
Mer. parts = 2665,75 3.42582 Mer. diff. lat. = 2083,0 342802 
Tan. courſe = 50* 517 50” 10,08952 Tang. courſe = 50e 41' o” 10,04 

| For the diflance. | 
In the ſphercid. | In the ſphere. 

Arch of the mer. ; | 1 
in min. or miles C 22 10, 51 3.34449 49* 57/—13® 0 = 36 57*=2217 nj, 
of the log. line. | Proper diff, lat. == 2217 3,65 


Co-1. of the courſe 509 510 50% 980014 Co- f of the courſe = 50 41“ 9,801 


Diſtance in the mea- 5 Diſt. in min. of 2 3 
ſures of the log. | 3502 354435 the ſphere = 3499 3543 


— 


— — wag. pom 


141 Exam. III. Jo find the diſtance of Cape Henry in lat. 37 N. ml 
long. 76* 23 W. from St. Mary's, nearly in the ſame latitude, with lugs 
tude 22* 56 W. | : | 


Ihe difference of longitude 53* 27/= 3207 m. 


In the ſpheroid. 3 In the ſphere. 
CA,. | | 
 Tp(fig. Prob. II.) 0,00203 | Co-ſ. 9.90307 Co- ſ. 376 99023 
Co- t. latitude 10, 12289 Diff. long. 3.50610] Diff. long. 40610 
Co- t. 4. 10, 12492 25644 3.40917 [25614 3,4083 


Thus in the ſpheroid the parallel in the latitude of 37“ contains fo 
3207 minutes of longitude.2564; minutes of the equator ; and if the l. 


garithm of => in the figure of Prob. II. (=0,00101) had been fart 


added to the logarithm of 25642, the ſum of theſe logarithms would hat 
been 3,41018, and the arch of the parallel would be found to conti 
25714 minutes, as meaſured by the log-line; whereas, in the ſpher 
this portion of the parallel contains 25614 minutes of the equator, 


142. UE: | REMARK. | 

it appears from the preceding reductions, that the courſe of a ſhip 
the earth, conſidered as a ſpheroid, is fo near to what it would be on 
| ſphere, the circumference of which is equal to that of one of the ell 
tica] meridians, that with a log-line adjuſted to ſuch a ſphere, an art 
may ſafely truſt to the ſingle rules of globular failing in his days work 
even though his account of courſe and diſtance were much more cem 
than it is poſſible for them to be. It is therefore unneceſſary her! 
enter into the queſtion, whether the figure of the earth is a genuine {pſi 
roid, formed by the revolution of a real ellipſis about its axis, or of (ot 
more compounded figure, as Mr. Bouguer, who has diſcuſſed this poi 
at large, contends, preſuming on the preciſe accuracy of the ſeyet 
meaſurements. | | | | 
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Calculated on a Suppoſition that the EaxTH is 4 
perfect Sphere. | 


Where D. 1. ſtands for de of nd. 

. ; gree of lat. and M. P. for meridi 
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ſhip 
be ol 
' ell 
n art 
work! 
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360,7 
361,7 
362,7 
363,7 
364,7 
365,7 
366,7 
367,7 
368,7 
369,7 
370,7 


371,7 
3727 
373»7 
374,7 
37557 
376, 8 
377,8 
378,8 
379,8 


380, 8 


F.-Y 


421,1 
422,1 
423,1 


4241 
— 5 
42751 
429, 1 
43171 


428,1 
430, 


155993 


Flory, 
542,2 


54373 
$4443 
$4 $33 
545, 3 
54773 
548,3 
$4923 


558174 


25224 | 


4325, 1 
433,1 
4342 
435,2 
436,2 
4372 
438, 2 


440,2 
441,2 


439,2 0 


5334 
$544 
5554 
556,4 
5571 
558,4 
5594 
560, 5 
561,5 
562, 5 


3245 
325,5 
326, 5 
327,5 


328, 5 


32975 
232575 


381,8 


382, 8 


383,8 
384,8 
385,8 


387,8 
388,8 
389,8 
390, 8 


386,8 44 


442,2 
44372 


44-2 
445˙2 


446, 3 
773 
420 
44953 
450,3 
451,3 


570, 6 


563˙5 
564,5 
565,5 
566,6 
567,6 
568,6 
569,6 


571,6 


—— —y-—: — 
min | 


M 5 


231,5 


332,5 
33325 
33475 


335 


336,5 
32725 


338,5 


33976 
340, 6 


342, 6 
343,6 
344,6 
34 5,6 
340,6 
3476 
348, 6 
349,6 


350,0 


391,8 
392,9 
393,9 
394.9 
39579 
396,9 
39779 
398,9 
399.9 

400, 9 


4523 
45373 
45473 
45573 
456,3 
457»3 
458,4 
459,4 
460,4 
461,4 


> 582,8 


341,6 1401,9 


402,9 
403,9 
4049 
4059 
407,0 
408,0 
409,0 
410,0 
411.0 


462.4 
463.4 
464,4 
465,4 
466,4 
467-4 


468, 4 


469, 5 
470, 5 
471-5 


2 [592-9 


157 537 
576,7 


578,7 


1— 


5737 
574,7 


57777 


$7957 
8580, 8 
58158 


583,8 
584, 8 
58 5,8 
586,8 
5879 
58 8,9 
589,5 
590,9 
591,9 


1 


351,6 
352.6 
35356 
3546 
35556 
356, 6 
3575⁶ 
358,6 


359-6 
NM. P. NM. PH. P.M. P. 


412,0 
413,0 
414,0 
415,0 
416,0 
4177, o 
418,0 
419,0 
420, 0 


5 


|. 6 


472, 5 
473,5 


375,5 
476,5 
47755 
478, 5 
47935 
480, 5 


474,5 


1 593,9 


$950 | 
596,0 
£970 
:98.0 


59992 
600,0 
60 1,0 


1 


$7246 30 
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% 


14 


15 


16 


17 


18 


| 


ST 


2 


603,1 


604, 


605,1 
606,1 
607,1 
608,2 
609,2 
610,2 
6152 
612,2 


67322 


614,2 
615,3 
616,3 
617,3 
618,3 
619,3 
620, 3 
6213 
62254 


62474 
625,4 
626,4 


628, 5 
629,5 
630,5 
631,5 
632,5 


63450 
635,6 
636,6 
63776 
638,6 
63956 
640,7 
041,7 
642,7 
64377 


6234 


1 


1686,5 


M. P. M. P. . 


665,1 


667,1 
668,1 
669,2 
670, 2 
671,2 


67392 


676,3 
67753 
678,4 
679,4 
580,4 
681,4 
682,4 
683,4 


064,1 7 
666,1 L 


672%, 


07453 
675753 7 


627,4 688, 5 


033-5 6947 


IM. P. 


M. P. 


N. P. 


M. b. 


HY 


0 of 


910, 5 


191135 


g12,6 
913,6 
914, 6 
915,7 
916,7 
91757 
918, 8 
919,8 


858,8 920, 8 
| 1921.9 


922,9 


925,0 
926,0 
927,0 
928,1 


92951 
930,1 
869,1 931,2 


972,8 
9738 
974,8 
975:9 
970,9 
978, o 
9790 
980,0 
981,1 
982.1 
983,2 


103573 
1036, 3 


10374 


1038,4 
103995 
1040, 5 
1041, e 
104256 
10437 


104447 
1045,8 


1098,2 
099,3 
1100, 5 
110154 


1 102,4 


1103.5 
1104, 5 
1105, 6 


106, 6 


1107, 


1103,7 


14:67,8 


E 
I 


hy - . 
OO oou aw ÞpwWww yy 0 : 


1161, 

2 
1163, 6 
1164.7 
116557 
1166,8 


1163,9 
1170,0 
I171,0 
I172,1 


92359 


984,2 
985,2 
986,3 
987,3 
988,4 
989,4 
990.4 
991,5 
9925 
993: 


1040, 8 1109, 8 


1047, 91 110, 8 1174, 2 12 


1048,9\1111,911175,2| 13 


1049, 
051,0 


052,0 


153,1 
0541 
105 5,2 
1050,2 


6 


1112,9 
1114, 


1115, 


1116,1 
11171 
1118,2 


11 192 


1173,10 11 


1176, 3 14 
117734] 15 
1178,4] 16 
1129.5 17 
1180,5| 18 
1181.6] 19 
1182,71 2 


932,2 
933:2 
93433 
93533 
936,3 


193734 


938,4 
939-4 


19495 
94155 


994,6 
995.6 
996,7 


997 •7 


998, 8 
999,8 
1000, 8 


1001, 9 
1002, 9 


1004. o 


057,3 
1058, 3 
1059.4 


1060, 4 


1061,4 
1062, 5 
1063, 5 
1064, 6 
106 5, 
1066,7 


1120, 3 
I121,3 
112244 


11234 


11245 
11255 
1 126,6 


1127, 6 


1128.7 
1129,7 


1183,7] 21 
([184,5} 22 
118 5,8 23 
1186,9 24 
1188,00 25 
1189,00 26 
I 90, 1 27 
1191,10 28 
1192,20 29 
1193, 2 30 


— — — — — ᷑ĩ z ñ —I— . ˙ — 


942,5 
943429 
944,6 
945,6 
946,7 
94757 
948,7 
949,8 


95078 


95170 


10050 
1006, 1 
100751 
1008, 1 
I009,2 
IOIO,2 
101153 
81253 


1013,4 
1014.4 


1067, 7 
1068, 8 
1069, 8 
1070, 9 
1072, 
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1074, 1 
107571 
1076, 2 
107772 


1130, 8 
113158 
132,9 
134,0 
113571 
1136,1 
113752 
1138, 2 
1139˙3 


1140.3 


1199, 36 


119443] 31 


119534] 32 
1196,4] 33 
1192750 34 


1198,50 35 


— — — — 


1200,77 N 37 
12017 38 


1202, 8 39 
1203.9 40 


644,7 
645,83 
646,8 
647,8 
648,8 


649,8 


6 50, 8 
65179 
55259 
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9559 
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1020, 6 
10217 
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102 378 


1024.8 
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TOBI,4 
1082. 5 
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108 2,7 
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114576 
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114.77 
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12 9458 4 I 


1206,0; 42 
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1209,2| 45 
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1031, 1 
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10332 


103493 


M. h. 


— — 


5 


M. P. 
16 | 


M. 
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109 5, 1158.342219 57 


109722 1169.4 1224,10 59 


P.M. P. N. 5 


19 55. is 


„ EIT 
\ 


2 


7 
n 


, 
Wy 

9 

9 

: 

i 

4 

_ 

_ 

_ 

HM = 

1 = \ 

% 

E 

nm 


8 8 
31 — 


20 


n. M. P. 


21 
P. 


22 | 
- 


23 
M. P. 


24 
M. P. 


25 
M. P. 


26 
M. P. 


27 


SK... 


N. P.M. P. 


213 MERIDIONAL PARTS. 143. 


D 


\ 
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BOOK IX, 
OF DAYS WORK S. 


— urn 


- 


i. DV Darvs Works are here meant the practical methods of finding 
a ſhip's place every day at noon, and ſettling the courſe and diſ- 

tance ſhe has then to ſail. 
The navigator requires for this purpoſe the following elements, or ne- 


| WY <cfary things, to be known: | 

fl I. The means of meaſuring and correcting the run of the ſhip, 

47 II. The nature and uſe of the ſea and azimuth compaſſes. 

48 | III. How to find the Sun's amplitede and azimutn. 

4 IV. How to find the variation of the compaſs, and to correct th 


courſes the ſhip bas ſciied on that account. | 


52 V. How to find the ſhip's lee-way, and thence to correct the courſes. 
53 VI. The nature and uſe of inſtruments proper for obſerving the alti- 
- = tudes and diſtances of celeſtial objects. © 
F VII. How to find the latitude and longitude by celeſtial obſervations, 
7 VIII. How to correct the daily account of latitude and longitude. 

2 ; | 
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SECTION 1. 


| ul 
9 
2. Of the meaſuring a Ship 5 run. - 
A great variety of methods has been propoſed to meaſure the rate zt rt 
which a ſhip ſails, but that moſtly in uſe at this time, eſpecially amony 
the Engliſh, is by the log and ba/f minute glaſs. OE g 
The Los is a piece of thin board, of a ſectoral or quadrantal form th 
loaded in the circular fide with lead ſufficient to make it ſwim upright a 87 
the water: to this is faſtened a line about 150 fathoms long, called the th 
Lod-LINE, which is divided into certain ſpaces, called knots ; and the © 
log-line is wound on a reel, which turns very eaſily. | f 
The HALT MINUTE GLAss is of the form of an hour-glaſs, and con. th 
tains ſuch a quantity of fine ſand, as will run through the hole in in 
neck in half a minute of time. 1 3 
| The making of the experiment to find the velocity of the ſhip is call 2 
HEAvinG THE Los, which is thus performed: | F 
One man holds the reel, and ancther the half minute glaſs ; an office: | 
of the watch throws the log over the ſhip's ſtern, on the lee ſide, ani 
when he obſerves the ſtray line is run off the reel (which is about 10 fl 
thoms, this diſtance being uſually allowed to carry the log out of the eddy 
of the ſhip's wake) and the firſt mark is going off, he cries turn! the 
glaſs-holder anſwers done] who watching the glaſs, the moment it is run 
out ſays „top! the reel being immediately ſtopt, the laſt mark run of 10 
ſnews the number of knots, and the diſtance of that mark from the reel 
is eſtimated in fathoms. Then the knots and fathoms, together, ſhey 
the diſtance the ſhip has run the preceding hour, if the wind has been 
conſtant. | | | | 
In the King's ſhips, India ſhips, and ſome others, it is uſual to hear 
the log every hour: but coaſters, and thoſe which make ſhort voyages 
heave the log once in two hours only. | . 
f | | if 
3. This practice of meaſuring a ſhip's rate of ſailing is founded upon 
the following principle. Pn NY 5 
That the length e, each inet ought ts be the ſame part of a ſea mit; 6 
haif a minute is of an hour. | HH. 
Therefore the length of each knot ſhould be either 
(Z NU ==) 128 of a nantical mile. 
Or (Z NSN =). Jes Of a degree. 
Or (z XU N Nes =) z res Of a great circle. h 


By Mr. Richard Norwood's experiment (fee V. 73) it appears, that! 


degree of a great circle on the Earth contains 267200 Engliſh feet, and 
ze thereof, or 6120 feet, is the length of one nautical mile. | 
Hence 336th of 6120, or 51 feet, ſhould be the length of each knot. 
But becauſe it is ſafer to have the reckoning rather before the ſhip 
than aſter it, therefore 50 feet may be taken as the proper length of cal 
knot; and each «not is now ufvally divided into 8 fathoms. 
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The length of the knots in the log- line, uſed formerly, was only 42 
feet; and it is much to be wiſhed that no line ſo divided was now in 
uſe, but cuſtom in many things prevails over reaſon, This way of divid- 
ing the log-line was founded on the ſuppoſition that 60 miles, each of 
5000 Engliſh feet, made a degree; for 555 of 5000 is 413, or in round 
numbers 42 feet. And although many mariners find by experience that 
this length of the knot is too ſhort, yet rather than quit the a, way, they 
uſe glaſſes for half minute ones that run but 24 or 25 ſeconds. ; 

The method uſually recommended to try if the glaſſes are accurate, is 
this: On a round nail or peg hang a ſmall thread that has a muſket-ball 
fixed to one end, 394 inches being carefully meaſured from the center of 
the ball to the loop which goes over the peg. "Then make it ſwing, and 
count one for every time it paſſes under the peg, beginning at the ſecond 
time it paſſes, and the number of ſwings which it makes during the time 
the glaſs is running out, ſhews the ſeconds which that glaſs runs. 

For experience ſhews, that the length of a ſecond pendulum is about 

L inches. | | | 
© Thediftance given by the log may be wrong on three accounts; name- 
ly, by an error exther in the glaſs, or the log-line, or in both. 


4. Cast I. hen the lag-line is truly divided, and the gloſs is faulty. 


RULE. As the ſeconds run by the glaſs, are to 3o ſeconds ; 
So is the diſtance run by the log, to the true diſtance. 


ExaM. Suppoſe a ſhih fails at the rate of 64 knots while a glaſs runs out, 
which runs oniy 25 ſeconds : What is the true rate of ſailing © 
As 25:20: : 6,5 : 7,8 miles, the true diſtance failed in an hour. 


5. Case II. When the glaſs is true, and the log-line is faulty. 


RULE. As 50 feet, is to the diſtance meaſured between knot and knot; 
So is the diſtance run by the log, to the true diſtance. 


 ExaM. Suppoſe a ſhip Jails at the rate of 64 knots an hour, by a log- 
ine which has only 4.4 feet to a knot : What is the true rate of ſailing ? 


AS 50: 44 : : 6,5 : 5,72 miles, the true diſtance failed in an hour. 


6. Cask. III. When both bg-line and glaſs are faulty. = 
RULE, Multiply thrice the meaſured length of a knot by the diſtance 


run per log; the product, divided by five times the meaſured 
time of the glaſs, will give the true diſtance run, | 


ExaM. Suppoſe a ſhip runs 5 knots an hour, by a log-line f 4.5 feet to a 
knot, and a glaſs of 2.5 ſeconds + WVhat is the true rate of ſailing ? | 
Then 3 * 45 * 5, and divided by 5 x 25, gives 5,4 miles true diſt. 
_ ſuppoſe K =meaſ, length of a knot; 6 S ſeconds per glaſs ; d=run 
per log. | | | | : 
Then G: 30: : D: 30% D=-*G=dift. run by a correct glaſs, (4) 
And 50: K:: 30 * DG: 30 * DX KO SO ZN DXK SN. 


135 


The mark — ſigniſies divided by. | 
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The log is ſubject to drive with the motion which the water may hay 
at its ſurface, and thereby give an erroneous rate of ſailing (for the ex 
riment ſuppoſes the log fixed in the place where it is, when the 0 
knot goes off the reel); therefore many methods have been propoſed t, 
remove, or at leaſt to leſſen this error; and among them, that ſeem; 
moſt worthy of notice, which was propoſed by the late M. Bougyers 
in his Treatiſe on Navigation, publiſhed at Paris in the year 1753, ay 
which was compoſed by the order of the Miniſter of State; and agai 
reprinted there in the year 1760, with ſome alterations, by the late Abbe 
de la Caille ; both thoſe gentlemen had been ſeparately engaged in very 
long voyages, and conſequently had much marine experience: the (uh. 

ſtance of this method will be here given, though ſomewhat difterenty 
drawn up. | | Co | 

7. Take for the Los a conical piece of wood, through, or along the 
axis of which the log-line muſt be paſſed, and made faſt to it, about 40, 
50, bo, or more feet from one end; and to this end fix the Div, 
which is a body formed of two equal ſquare pieces of tin, or of thin iron 
plate, fixed at right angles to one another along their diagonals. The ſize 
of this diver muſt be ſo fitted to that of the cone, that the cone may juſt 
float. OY | fs 

A cone of three inches diameter in the baſe, and of fix inches in the 
flant height, is propoſed by M. Bouguer, to ſuit a diver made of plates 
about q inches ſquare. The float is fixed to the log-line at the in- 
+ 2222008 of the diagonals; and the /oop and peg uſed as in the common 
og. | 

When this compound log is hove overboard, the diver will ſink to 
deep to be much affected by the current, or motion of the water at tte 
ſurface; and the log will keep more ſteadily in the place where it fi 
fell; and conſcquentiy, the knots run off the reel will ſhew more accu- 
rately the ſhip's rate of ſailing. | EN x 

As the common log is affected by the whole motion of the current, ſo 
this compound log will feel only a part of it; v:z. ſuch a part nearly, 


as the reſiſtance of the cone is of the reſiſtance of the diver : thus the e. 
fſtiſtances of the above cone and diver are about 4s i to 5; and con{equent- 


ly this log will drive but & part of what the common log would; and 
the ſhip's true run will be affected by + part only of the motion of tie 
A 

8. To obtain the true rate of ſailing, it will be proper to heave alternate- 
Ty, hour and hour, the common log and this compound log. Then the 
difference of their knots run off, augmented by its æch part, is e cor 
rection; which applied to the knots of the common log will give the {hip 
true rate of ſailing, at the middle time between the hours when thoſe logs 
were hove. T he correction is added when the run by the compound 10% 
is greateſt z otherwiſe it is ſubtracted, 

9. To find the courſe made good. Increaſe the obſerved angle between 
the log-lines by one fourth part; and this gives the correction to be aps 
plied to the apparent courſe, or the oppoſite of that ſhewn by the com- 


mon log. | | „„ 
4 1 N ————— 


* The French Academician concerned in meaſuring a degree of a meridian 
in Peru. | | | | | 
| N : Te 
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17 he correction 1s to be applied to the | rig : : of the apparent courſe, 


When the bearing of the common log is to the 0 — 0 of the comp. log. 


110. Or thus: The length run off both logs, together with their 
hearings, being known, on a card or compaſs apply the knots run off 
(taken from 2 ſcale of equal parts) along their reſpective bearings, from 
the center ; join the ends, and in this line produced, on the fide next the 
compound log's length, take + of the interval; then a line drawn from 
the end, thus produced, to the center of the card, will ſhew the true courſe 
and diſtance made good, | | ö 


Or, the true courſe and diſtance may be found by computation; by 
working in the two triangles formed by the above conſtruction. 


Ex. I. The common log having run Ex. II. At 5h. P. M. the com- 
6,7 knots, bare N 42 E. at 9h. 39m. mon lag having run off 7,6 #nots, it 
AM. and at 11h. 30 m. A. MH. the bore S. 18 W.; and at 7h. P. M. 
compound og having run off 8,3 knots, the compound log having run off 5,2 
it bre M. 37 E. Required the cor- Fnots, it bore S. 26 IF. : Required 
ref courſe and rate of ſailing at 10 h. the true courſe and rate at 6h, 


Common. log. Run 6, 7k. bear. N. 42 E. Common. log. Run 7,6k. Bear.S.18*V. 
Comp. log. 8,34. N. 37 E. Comp. log. 52 8.26 W. 
DiF, 1, 5 Din 2,4 8 

I nart 0,4 I per 0,0 2 
Correction 2,0 61 Correction 2 10 
True run 8,7 Bear. S. 354% W. True run 4,6 Bear. N. 2 8 E. 


IT, The following explanation of Ex. II. will ſhew the reaſon of theſe 


ind 10 


of the ſhip by the common log ; and AC the run and 


be ſuppoſed at D when the logs were hove, 
Then her apparent run by the wind, with 
tie common log, is the line Da, or its paral- 
el Ba, while the log is driven by the current 
along the line DB; ſo that the ſhip's real run 
s along the line DA (VII. 48). Alſo, by the 
compound log, the ſhip's apparent run by 
tie wind is the line Do, or its parallel ca; 


rnate- 
en the 
2 cot- 
ſhip's 
e logs 
id log 


tweel 
he ap⸗ 
com- . 

ae EB = ABN AC; draw CE and its pa- 


— 
eridian 


Tie 


nearly equal to AD, and Z. DAC is ver * nearly 
equal to I L BAC. | be 7 
3 


bearing by the compound log; and let the ſhip 


whle the log drives from p to c, which is 
only *th part of DB; ſo the real run is pA. 


allel pr; then is EF=ZEB (II. 165), AF is 


corrections. Suppoſe the line AB to repreſent the run and bearing of the 


iS 


SL 


GL. N 


For 


of that current may be much better aicertained by the compound log, 
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For An Ar (II. 165) : and An in the time of making the experiment 
cannot differ much from Ap; neither can pn differ much from; of zn; 
conſequently the C DA is very nearly equal to 1 / Fan. | ; 

Therefore AF being known gives the run Da. Alſo the bearing i, 
being known by obſervation, or its oppoſite Ab; and the C. ABD four 
by correction, the bearing Dag, or the real courſe, becomes known, 

Or: Computing in the triangle BAc, with the two ſides, and the. in. 
cluded angle, find CCNA and Bc: then in the triangle Acp, knowing Ac, 
cp (=ZBC), and Z ACD; find 4cap and an. | 


12. | | RE MAR k. 


I. There ſeems to be a miſtake in the dimenſions of the cone, and 
diver, propoſed by M. Bouguer, and followed by M. de la Caille; fo 
no kind of wood uſed in Britiſh dock-yards, when formed into a cone of 
thoſe dimenſions, will float a diver made of ſtout tin plates, one fide of 
the ſquare being 94 inches. Such a diver, weighing 15 lb. avoirdupeis 
required to float it a cone of 5 inches diameter, and 12 inches on the 
flant fide, fo that the point of the cone, which was made of light fir, 
ſhould juſt appear above the water. Now ſuppoſing one fide of ſuch 2 
ſquare tin diver to be about 10 inches, and made of plate only ; of the 
thickneſs of the former (for it is ſuſpected there is no tin of half its 
thickneſs), ſuch a diver would weigh, with its folder, about 20 ounces, 
and can be floated by a light fir cone of 4 inches diameter in the baſe, 
and 19 inches in the ſlant height, or length; and ſuch a compound log 
might, perhaps, be found on trial to be affected by about as much again 
as that propoſed by M. Bouguer, and conſequently the difference betwen 
the numbers given by the common log and compound logs, muſt be augmentid 
by 7 of itfeif to produce the neceſſary correction. | | 


13. II. When a current, ſuch as a tide, runs to any depth, the velocity 


than by the common one, provided the diver dors not deſcend lower than 
the run of the current; tor as thoſe ſhips which are deepeſt immerges, 
drive faſteſt with the tide, ſo the diver being acted on below, as well 3 
the log on the ſurface, their joint motion will give the total effort of tie 
currents motion, better than what could be derived from the motion : 
the ſurface only. Alſo, by ſuch a compound log, the depth to which an 
current runs, may be eaſily tried, | | | 
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SECTION II. 


of the Mariner's Compaſs. 


14. The Maziner's ComPass is an inſtrument uſed at fea to point | 
out the way a ſhip does, or is to go; and conſiſts of three parts, namely, 
the box, the card or fly, and the needle. 3 

The Box, which contains the card and needle, is a circular braſs box 
hung within a ſquare wooden one, by two concentric rings, called jim- 
zal, ſo fixed by croſs centers to the two boxes, that the inner one, or 
compaſs box, ſhall retain an horizontal poſition in all motions of the ſhip. 

The CARD, or FLy, is a circle of ſtiff paper repreſenting the horizon; 
and is divided into points and quarter points of the compals, | 

The NEEDLE is a ſtrait piece of ſteel made magnetical ; which has 
the property of pointing with one of its ends towards the north pole of 
the world, | „ 

The needle is fixed to the under ſide of the card, and in the center is 
placed a conical ſocket, which is put on an upright pointed pin, fixed in 


tze bottom of the box; ſo that the card, hanging on the pin, turns freely 


round its center; and one of the points, by the property of the needle, 
will always be directed towards the north pole “. | 

The top of the box is covered with a glaſs pane, that the motion of the 
card may not be diſturbed by the wind. This apparatus is called the 
Cmpaſs, The compaſs box is to be fo placed in the ſhip, that the mid- 
dle ſection of the box, parallel to its ſides, may be parallel to the middle 
ſection of the thip, along its keel. | 

15. Before the invention of the compaſs, which happened towards the 
latter end of the 13th century, the navigating of ſhips was a very tedious 
and precarious operation, and ſeldom made out of fight of land. But 
the compaſs enables the mariner to hold his courſe over the ſeas in as di- 
rect and true a track, as the land carrier directs his carriage in a well 
beaten road. Hence it might be reaſonably imagined, that no neceſſary 
expence or care ſhould ever be wanting in the conſtruction of this molt 
uſeful inſtrument. But it has ſo happened, that ſome years ago ſcarce 
one ſea compaſs in ten was fit for the uſe for which it was made ; they 
were fabricated by unſkilful and ignorant workmen for the wholeſale 
dealers in the ſhipping way: and ſuch dealers generally pay no more re- 
card to the conſtruction of this inſtrument, on which the ſucceſs of the 
voyage, and the lives of the men, in a great meaſure depend, than they do 
to any indifferent thing of the ſame price. | 


_ 
—_—_ ____ _ 


—— — _ 


| * If a magnet, or a piece of iron made magnetical, be ſuſpended by a 
taread, or floated on a piece of light wood or cork in a veſſel of water; let the 
oy be turned round either eaſtward or weitward, one and the ſame point will 
always be turned towards the north when the body becomes at reſt. 


"$4 | There 
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There are however compaſſes uſed in the Royal Navy, India ſhip 
and ſome few trading ſhips, which are conſtructed with more care, ay 
on better principles; and are therefore vaſtly preferable to thoſe con. 
monly uſed in the merchait's ſervice, which, from their conſtruction 
ſeem to have been contrived purpoſely to vary from what was to be ex. 
pected of them; as by joining the outſide Hox together with iron nails: 
making the needle of ſoft wire; and diſpoſing it in the form of a rhom. 
bus, in expeCtation that the magnetical force. of tae ſides w.uld conſpire 
to act in the diagonal; making the pin and ſocket ſo badly, as to preyent 
the card from traverſing, &c, &c ' 

It is only within a few years, that ſea-compaſſes i.ave been made free 
from that multitude of inconveniences which formerly attended the hef 
of them: Such inconveniences were, firſt, needles having ſeveral poles, 

occa:;ioned by their irregular ſhape ; for the beſt kind are ſtraight bas 
with flat ends. 2d. The needles being made of ſuch a temper as was ca. 
pable neither of receiving, nor of retaining half the virtue it is poſſible to 
give them; and conſequently, they were not directed to the poles with 
that ſtrength and perſeverance they might have been. 3d. The want of 
proper means to reſtore their magnetiſm during the courſe of a voyage, 
when it has been impaired. 4th. The troubleſome and inaccurate methods 
of repairing the pin on which the ca:d turned when it has been damaged, 
and alſo tie expence attending the uſe of agate caps, or ſockets, which 
are the moiſt proper. 5th. The want of proper contrivances to hinder the 
card from being greatly affected by the various motions of the ſhip, 
Theſe, and ſeveral other imperfections, have been happily removed by the 
labours of the truly celebrated Dr. Gowen Knight, F. R. S. whole admi- 
rable invention of giving magnetiſm to (gel bars, greatly ſuperior to any 
power they could derive from the natural loadſtones, joined to a multi- 
tude of experiments waich he has made for the marine ſervice, has pro- 
duced the means of conſtructing ſea-compaſſes ſo perfect, that there 
ſeems nothing farther to be wiſhed for, as neceſlary to this inſtrument. 

It may de reaſonably expected, that ſuch correct compaſſes will readily 
be brought into general uſe, as well in merchant's ſhips as in fhips 
of war; for Knight's compaſſes are now univerſally uſed in the royal 
navy. | 8 . 
16. After the diſcovery of that moſt uſeful property of the magnet, or 
loadſtone, namely, its giving a polarity to hardened iron or ſteel, the 
compaſs was for many years uſed, without knowing that its direction in 
any wife deviated from the poles of the world: about the middle of the 
16th century, fo certain were ſome of its inflexibly pointing to the north, 
that they treated with contempt the notion of the variation, which about 
that time began to be ſuſpected. However, careful obſervations ſoon diſ- 
covered that in England, and its neighbourhood, the needle pointed to 
the eaſtward of the true north: and the quantity of this deviation being 
known, mariners became as well ſatisfied as if the compaſs had none; 
becauſe the true courſe could be obtained by making allowance for the 
true variation. | | 

From ſucceflive obſervations made afterwards, it was found that the 
deviation of the needle from the north was not a conſtant quantity; = 

| | tha! 
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hat it gradually diminiſhed, and at laſt, namely, about the year 1657, it 
was found at London, that the needle pointed due north, and has ever 
ſince been getting to the weſtward, and now the variation is near 22 de- 
rees to the weſtward of the north : So that in any one place it may be 
ſuſpected the variation has a kind of Jibratory motion, traverſing turough 
the north to unknown limits eaſtward and weſtward. But the ſettling of 
this point muſt be left to time, 2: 

About the ſame time it was alſo diſcovered, that the variation of the 
needle was different in different parts of the world, it being weſt in 
ſome places when it was eaſt in others; and in places where the varia- 
tion was of the ſame name, yet the quantity of it differed greatly, It 
was therefore found neceſſary that mariners ſhould, every day, or as of:en 
as they had opportunity, make proper obſervations of the ſun's ampli- 
tude or azimuth, by which they might be enabled to find the variation of 
the compaſs in the place they were then, and thence correct their courſes 
roperly. | | 
2A Beſides the common ſea-compaſs, there is another, called the 
AzimuTH CoMPaASS, the uſe of which is to take the bearing of any 
celeſtial object, when it is in, or above the horizon, This compaſs dif- 
ers in no reſpect from the other, only that the circumference of the card 
or box is divided into degrees; and there is fitted to the box an index 
with two ſights, which are upright pieces of braſs, placed diametrically 
oppoſite to each other, having ſlits down their middles, through which the 
ſun or ſtar is to be viewed at the time of obſervation. | 


18, To make Artificial Magnets. 


As there are many accidents at ſea, which make it very convenient, 
and even neceſſary, for mariners to know how to reſtore the magnetic 
vittue to their damaged needles, it was judged proper to thew how, inde- 
pendent of a loadſtone, magnetiſm might be given to ſteel bars; and with 
theſe bars to touch the needles of their compaſſes. — 

The following method is extracted from a paper given by Mr. John 
Canton, F. R. S. in the Philoſophical Trauſactions for the year 1750. 

Procure fix bars of ſoft ſteel, about 3 inches long, + inch broad, and 
2 thick; and other ſix of the hardeſt ſteel, each of double thoſe dimen- 
lions; and let each of the 12 bars be marked with a line round them at 
one end, which call the north end; and the other, the ſouth end. Pro- 
cure alſo four bars of ſoft iron, called conductors; two of the ſame thick- 
neſs and breadth, but only half the length of the ſoft bars; the other two, 
alice proportioned to the hard bars; have ready alſo an iron poker aud 
iongs that have been long in uſe. | | | oy 
Let the poker be held nearly upright, with its point downwards ; and 
let one of the ſoft ſteel bars be held tightly againſt the middle of the 
poker by a thread with its N. end downwards; then with the lower end of 
the tongs, held alſo nearly upright, ſtroke the ſteel bar from tne N. nd 
F upwards, about Io times, on both ſides: and in this manner ſerve fou of 

- * ſteel bars; and each will be made able to ſuſpead a linali key by 
s N. end. | | 
Lay 


Lay the other two ſoft ſteel bars in a parallel poſition, at the diſtance 
of E inch, with a N. and S. end to touch each of their proper condudton. 
Fben placing two of the touched ſteel bars together, breadth to bread, 


the N. end of one to the S. end of the other; and the other two put in ] 
ke manner againſt theſe, one on each fide, fo as to have two north ends N. 
together, and alſo two fouth ends; ſeparate with a large pin the tw ply 
north points from the two ſouth points, at one end; and to the mit, mes 
of one of the two ſoft bars apply the open end of the compound bar, bel be 
upright, with the two norths towards the ſouth end of the lying bar, and anc 
in this poſition ſlide the compound bar backwards and forwards fou 4d 
times the whole length of the lying bar, ending at the middle; from 8. 
whence remove the compound bar to the middle of the other lying on: . 
which rub in like manner: then turn both bars the other fide upway, the 
and repeat the operation on each. Let the two lying bars make the in. ſr 
ner two of the compound one, and place thoſe which were before th cal 
two outſide ones between the conductors, on which the operation « un 
rubbing is to be performed with the end of the compounded bar. Re. ne 
peat this operation until each pair of bars has been rubbed four times, and ot 
their magnetic power will be greatly increaſed. | 
Now putting three contiguous N. ends to three S. ends, with thi K 
compound bar, the lower ends being opened with a pin, as before, touch a 
two pairs of the hard bars, placed at half an inch diſtance, between thei of 
proper conductors, in the manner above deſcribed ; and with theſe four lh 
touched bars make a-compound one to touch the other pair; obſervin | 
that the lower ends be parted near a quarter of an inch after they are 1 
fet on the middle of the lying bar, and that they are cloſed before the s 
are taken off: touch each pair of hard bars three times over, and thek K 
bars will be ſtrongly magnetical. To make them more ſo, let each pai, 4 
lying between their conduttors, be touched twice over by two other, 
held as nearly horizontal as can be, one in each hand, by drawing a 
the ſame time the N. end of one from the middle of the lying bar oper 
its S. end; and the S. end of the other from the middle over the N. end, 
and bringing them every time to the middle of the lying har without R 
touching it, Four of theſe horizontal ſtrokes along each fide will give 
as much magnetic ſtrength to the hard bars as they ſeem capable of f. h 
ceiving ; and each bar, if well hardened, will lift near two pounds weight ſ 
avoirdupois, FB e 
T 
| 1 ˖ 
19. To preſerve theſe Artificial Magnets. ; 
| ; | ; 
The ſinx hard bars, with their two conductors put end to end as one 
bar, ſhould be kept in a cafe; the bars being put face to face, having 2 { 
N. and S. end together alternately ; thus they will retain their virtue 3 
Jong time, and be ready for any experiments: and ſhould their power be ' 


found to fail, it may be reſtored, by the latter part of the operation, in? 
t minutes. | | | 


20. To 


* 
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; | | 

"a a To give Magnetiſm to Compaſs Needles. 

cath, Lay the two needles of equal length, about an inch aſunder, with the 
ut in N. cnd of one and S. end of the other pointing the ſame way, and ap- 
n ly two conductors-in contact with their ends. Then with two mag- 

vn "tic hard bars, one in each hand, and held as nearly horizontal as can 

ue te with the upper ends of contrary names turned outwards to the right 
* and left, let a needle be ſtroked or rubbed from the middle to both ends 

* it the ſame time, for 10 or 12 times, a N. end of a bar going over the 

Fas © end of the needle, and the S. end of a bar going over the N. end of 

= a needle. Then without moving from the place, change hands with 

Airy the bars, or, in the ſame hands, turn the other ends downwards, and 

up h ſtroke the other needle in like manner, and they will both be magneti- 

ay cal. But to make them ſtill ſtronger, repeat the operation three or four 

"of times from needle to needle ; and at laſt turn the lower fide of each 
5 e and repeat the operations of rubbing them, as on the 

N other ſides. 5 | 

5 an In the rubbings or touchings to procure magnetiſm, the. hand ſhould 

* not return directly back the way it came, but ſhould return in a kind of 

* oval figure, carrying the hand about ſix or eight inches beyond the point 
thei of the bar or needle where the touch ended ; but not beyond the point on 

0 the fide where the touch begins. : SY 

_. It may be proper to obſerve, that the needle, which before it was made 

ns, magnetical, hung level on its pivot, does afterwards incline to the ho- 

/ As rizon; which inclination is called its Dip: The horizontality is to be 

tel reſtored by putting a ſmall counterpoiſe, or ring of braſs wire, on to that 
par end of the needle which appears to be the lighteſt, | 

* PROBLEM. 

over To make an obſervation with the Azimuth Compaſs. 

= 2 I, For AN AMPLITUDE®, 

give When the center of the ſun is about one of his diameters above the 

f fe- horizon, turn the compaſs round in the box, until the center of the ſun 


eipht may be ſeen through the narrow ſlit which is in one of the ſight vanes, 
exactly on the thread which biſects the lit in the other, at that inſtant puſh 
the ſtop which is in the ſide of the box againſt the edge of the card, and 
the degree, and parts of a degree, which ſtand againſt the middle line on 


the ſtop, is the amplitude of the ſun for that time. 


22, II. For an AzIMUTH +. 
5 One Turn the compaſs round in the box until the center of the ſun may be 
ng 1 ſeen through the narrow ſlit, which is in one of the fight vanes, exactly 
ue 2 on the thread which biſects the flit in the other; or, until the ſhadow of 
er be — 1 


10 5 * Amplitudes are from obſervations made on objects in the horizon. See 
ook V. 112, 147 to 152. | | 
+ Azimuths are from obſeryations made on objects above the horizon, 

Ss Book V. 111, 152, | | | 

| 1 that 
. To 
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that thread falls directly along the line of the index: when either o 

is effected, puſh in the ſtop againſt the edge of the card, and that 

* and parts of a degree which ſtand againſt the middle line on the 
the azimuth of the ſun at that time. | 

What is here ſaid of the ſun, is in like manner to be applied to the ſtars, 


f theſs 
degree 
ſtop 18 


23. When there is a rough ſea, and the ſhip rolls much, the obſeryatich 
is beſt performed by two perſons, thus : | 
Let one look through the ſights, and turn them till the thread cuts the 
center of the ſun, and be ſure to keep a conſtant fight of it, notwith. 
ſtanding the motion of the ſhip, which being ſignified to the aſſiſtant by 
any word, let him that inſtant obſerve what degree of the card is againſt 
the middle line of the ſtop, and the arc intercepted between that point 
and the meridian will ſhew the quantity of the magnetic amplitude 
azimuth, If the card ſhould vibrate very much, let him take the middle 
degree between the limits to which the vibrations extend. 
When the magnetic azimuth of any object is obſerved, its altitude muſt 20 
alſo be taken at the ſame time. ö 5 
This inſtrument is alſo uſeful in ſetting the ſhip's wake, in order to 
find the lee-way ; and alſo to find the bearings of headlands and other 
objects, | 


SECTION UI. 


ny To work an Amplitude. 


The true amplitude of a celeſtial object is its diſtance from one of the 
cardinal points of the horizon, at the riſing or ſetting of that object. 

The amplitude is reckoned eaſtward in the morning; but it is named 
weſtward in the evening. : | | | | 
The cuſtomary way of accounting the amplitude is, to reckon it ſo 
much to the ſouthward or northward of the eaſt in the morning ; and 
in the evening ſo much to the ſouthward or northward of the weſt : but 
as bearings are generally taken from the meridian, in the following 
pages the amplitudes will be eſtimated chiefly from the north point of the 
horizon. „ | | 

The finding of the true amplitude at ſea is of conſiderable importance 


in navigation; for the true courſe which the ſhip has ſteered is partly al. 
certained thereby. | 5 


25. PRO. 


bY : : ; f 
Given the latitude of the place, and the declination of a celeſtial objecs: 


Required the true amplitude of that objec? 


SOLUTION. 


Say As the co-ſine of the latitude is to radius: | : 
So is the fine of the row dec]. to the co- ſine of the amplitude. 


$ 

— Or, Add 10 to the index of the log. ſine of the declin, and ſubtract the 
t by log. co- ſine of the latitude from the ſum, the remainder is the 
aink log. co-fine of the true amplitude. 5 
point The amplitude, thus found, is to be reckoned from that point of the ho- 
le or izon or compaſs, which is of the ſame name with the declination of that 


ie, 25 a 
17 the amplitude be wanted from the eaſt or weſt points of the hori- 
20n, the laſt term of the proportion will be a {ine inſtead of a co- ſine; 
and the amplitude is to be taken to the northward of thoſe points, when 
the declination is north; or to the ſouthward, when the declination is 


ſouth. 


20. Sor TION BY THE TRAVERSE TABLE. 


With the declination among the courſes, find the departure to the diſ- 
tance 100. 

With the given latitude among the courſes, and ſaid departure in the 
column of latitude, find the diſtance, | 

Look for a column of departure, where this diſtance ſtands againſt 100 
in the column of diſtance, and the degrees in the correſponding courſe 
will give the amplitude from the eaſt or welt, 
This rule will always give the degrees as truly as by logarithms : and 
as the magnetic amplitude cannot be obſerved more exactly, the true am- 


the 


med plitude will be had ſufficiently correct by this rule. 
it fo Txam. I. In the latitude of 38* 25” N. what is the Sun's true anipli- 
and tude when his declination is 18% 59 N.? | 
* By Logarithms, | By the Traverſe Table. 
15 As coſ. lat. 25 o, 10595 | 
To radius = R + - 10,00000\'To decl. 19® oo, and dift. 100, the 
"i 00 lin, decl. == 18 59 9.51227 dep. 18 3256. | 
a. 1 | — To lat. 38? 25“, and diff. lat. 32, the 
al- To fin, hor, are = 24 32 9,61822j dift. is 41. | 
- EE — To diſt. 100, and dep. 43, the courſe 
dubtract from go doo for N. dec.| is 24 45%, Therefore the horizon- 
— 1 tal arc is 24 45“ 
Rem. true amp. = 65 28 from N. 
In this and the following examples the neareſt degree and minute to 
| tne declination, that can be found in the Traverſe Table, is taken for the 
0. decljination. 


EXAM, 
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Exam. II. Required the Sun's true amplitude in the lat. f 51 35 | 


when the Sun's declination is 20® 56/ 8, 


By Logarithms. | | By the Traverſe Tabh, 27 
32 o, 0517 1 
To radius = n 10,00000| To decl. 21 oo, and diſt. 100 th : 
So ſin. decl. = 20 56 9,55 301 dep.is 35,8. 1 


To lat. 51* 30“, and diff. lat. 3; 

To ſin. hor. 22 35 + 8 975918 the dift. 18 57. 1065 

| ————|To dift. 160, and dep. 57, the courk 

Add to 90 ©0 for S, decl. is 34% 45”. Therefore 35 may 

| —— be taken for the horizontal ar 
Gives true amp. Ii25 03 fr. the N. ſought, | 


Exam. III. When the Sun's declination was 200 100 S. what wi l 
amplitude at the Cape of Good Hope, in lat. 34* 15'S. ? 


By Logarithms. By the Traverſe Table, 
15 08271 „ = = 

* 10, ocooo To decl. 20% 15 and diſt. 100, the 

20 10 9g,53751 dep. is 34,0. | 

. | — To lat. 34% 15', and diff, lat. 4, 

To fin, hor. arc = 24 39 9, 62022 the diſt. is 42. 

To diſt. 100, and dep. 42, the cout: 

Which add to go co for S. decl. is 24 45. Therefore 25 ny 


As coſ. lat. 
To radius 
So ſin. decl. 


! 


| c 
— be taken for the horizontal arc 
Gives true amp. =114 39 fr. the N. ſought, 


Exam. IV. On what point of the horizon does the ſtar Arcturus riſe aui 
ſet at Buenos Ayres, in lat. 34 35 S.? 


3 Logarithms, By the Traverſe Table. 
As col. lat. = 34* 35 0,08444 | | 
To radius = 10,00000|'io decl. 20? 30, and diſt. 1co, tht 
| So fin. deck, == 20 29 9.54399 dep. is 35,0. 


| —— To lat. 34% 39, aud diff. lat. 350, 

To fin. hor, are = 25 og 9.62843 the diſt. 1s 42,5. 
| 3 —— Io did. 100, and dep. 42,5, the court 
Which add to go oo for S. dec. is 269 is". Therefore the hor: 
| —  zontal arc may be taken as 25& 
Gives true amp. 2115 cg fr, the N. grees. | 
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"= To work an Azimuth. 
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The true azimuth of a celeſtial object is its bearing from the north or 
ſouth points of the horizon, when above it. 

In the forenoon the azimuth is reckoned eaſtward, and in the afternoon 

ward. | | 

be azimuth is uſually eſtimated from the ſouth, when to the ſouth- 
ward of the eaſt or weſt points of the horizon; and from the north when 
to the northward of thoſe points. | 

The uſe of the azimuth is to find the variation of the compaſs, in order 
to correct the courſes which the ſhip has ſteered. | 


28, „5 ROB L E M. 
The latitude of the place, the declination of the object, and its altitude being 
haun; required the true azimuth of that objett, | 


re rn 


m_ 


— 3 
— 


. 
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— 
* 


0 


SOLUTION. 


When the latitude and declination are of the ſame name, let the co- 
declination be called A. 

But when of contrary names, add the declination to go degrees, and 
call the ſum A. ; | 

Let the difference between the co-lat. and co-alt. be called p. 

Alſo, find the half ſum and half difference of A and 5. 

Then write theſe four logarithms under one another. 

Namely: The arith. comp. of the log. fine of the co-latitude. 

| The arith. comp. of the log. fine of the co-altitude, 
The logarithmic fine of the foreſaid half ſum of a and p. 
| The logarithmic fine of the forefaid half diff of a and v. 

Add theſe four logarithms together, and take half their ſum, which 
ſeek among the ſines for the correſponding degrees and minutes, and 
theſe being doubled will give the true azimuth required: from the north, 
in north latitudes, and from the ſouth in fouth latitude s. 

The working of an azimuth by logarithms, although as ſhort as an 
numeral ſolution of this problem can be expected to be, has been thought 
one of the moſt tedious elements that enter into a common day's work : 
but by Gunter's ſcale, it may be readily done as follows, and ſufficiently 
correct, I | | | 
29. To work an Azimuth by the Eunter's Scale. 

Find the co-lat,, co-alt., the half ſum, and half difference, as above. 
Then, On the ſcale of log. fines, ſet one point of the compaſſes on the 
half ſum, extend the other point to the co-Jat., obſerving whether the 
ſecond point falls to the right or left of the firſt, and take the compaſſes 
eff without altering their extent. „ 
Set one point on the co- alt., and let the ſecond point fall where it will 
(the ſame way it did before); there hold it, and open the compaſſes til! 
the other point falls on the half difference, then take them off without al- 
teling their extent. 

| | Now 


beyond the right-hand end of the ſcale, as will ſometimes happen, then}; 
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Now ſet one point of the compaſies on the braſs pin at the beginoing 
right hand end of the ſcale of verſed fines (marked V. S.), turn the ts 
point to the left, and obierve what degrees and minutes in the yz, 
fines it falls on; thoſe degrees and minutes will be the azimuth, i; te 
latitude is ſouth : but if north, take them from 180%, and the remainder 
the azimuth ſought, reckoned in both caſes from the north. 

If the extent, when applied from the co-alt. to a fourth, ſhould rex 


the Gunter flat on a board or table, and let the point reſt on it in a lin 
with the fines, and take the extent from thence to the half difference, ant 
work as before. | . | | a 

Theſe directions, with thoſe in Book III. 84, 85, will remove all ie 
ſeeming difficulties, that beginners may meet with, in working an azimyj 
by the Gunter's ſcale. | 


Exam. I. At ſea, in latitude 40* 38/ NM. in the afternoon, the Suy'; dl. 
#itude was obſerved to be 200 46', when his declination was 17* 10“ 5. Re. 
guired the Sun's true azimuth at that time. 


By LOOGARIT HMS. 


The co-alt. is 60 1 Ar. co- log. fin. co- lat. 499 22 0,119}: 2 
The co-lat. is 49 22 | Ar. co-log. fin. co-lat= 69 14 00291) 

EE — Log. ſin. 3 ſum = 63 31 99518; | 

The diff. p=19 52 Log. ſin. 4 diff, = 43 39 9.83901 fro 

IH — - — ext 

Now 107 10'=a=909® & decl. The ſum of the four logs 19,9398; fro 

19 . | | — | 

3 Their 7 ſum gives 380 55 90796992 1 

127 021039 31 ◻ ſum. | | Th 

9 — The double is, 137 50, which is the Sun's true Th 


. 87 18143 39 = ᷑ diff. azim, from the N. point of the horizon, 


By GunTER's SCALE. 


On the ſines, the extent from 63* 317 to 49 22“ will reach from 69 14 
to a little more than 525. Let the point reſt there, and extend the other to 
43* 39/; this extent will reach from the beginning of the verſed fines to 
about 425, which taken from 180, leaves 1 38? for the azimuth from the N. 
point of the horizon, and is very near what was found by the logarithms, 


Exam. II. What is the Sun's true azimuth in the latitude of 26* 30 N. 
when his altitude in the forenoon is 24 28', and his decl. is 22* 40' N.? 


By LoGARITHMs. 


The co-alt. is 65% 32 Ar. co- log. fin. co-lat. 63 30 o, WM: 
The co-lat. is 63 30 Ar. co-log. fin. co-alt. = 65 32 , 4080 | 

— | Log. fine à ſum = 34 41 9755!4 e 
The diff. p= 2 oz Log. ſine 1 diff. == 32 39 0.73% be 


Now 670 20'=a, is 900 leſs decl. | The ſum of the four logs 19,57021 uur 
And 2 o02=D. | | —_— 
| Their 3 ſum gives 37 52" 9,788 ff 

69 223% 4 = ſum. — . — | 
2)—— The double is, 75 44, which is the Sun's tur . 
65 18032 39 : diff, | azim, from the N. point of the compals. £ 


by 
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Book IX. 
By GunTER's SCALE. 
On the log. fines, the extent from 34* 41/ to 63? 30/, will reach from 
6 32/ to ſome point beyond the right-hand end of the ſcale ; let the 
int of the compaſſes reſt there, and extend the other point to the fine 
of 322 30“ and this extent will reach on the verſed fines, from the begin- 
ning, or o deg. to 104 20/, the azimuth from the ſouth, nearly as found 
by logarithms. . | | 


Exam. III. At the ifland of St. Helena, in lat. 16* 00'S, the Sun's al- 


Hude was obſerved in the fore noon to be 3022, when his declination was 

12 8 S. : What was the Sun's azimuth at that time? 

The co-lat. is 74% OOo | Ar, co-log. ſine co- lat. = 749 0o' 0,01716 

The co-alt. is 59 38 Ar. co-log. fine co-alt. =59 38 0,06409 
| Log. fine F ſum = 40 42 9g,81431 

Log. fine + diff. 26 20 8, 64698 


The diff. D= 14 22 


Now 679 o DA, is 900 leſs decl. The ſum of the four logs. 19.54254 

And 14 22 =D. I ER x — — 

— Their 2 ſum, gives 365 14 9577127 
$1 244042 & ſum, — . ; 

2) — Which doubled, is 72 24 for the Sun's true 


52 40026 20 =} diff. 

Or thus: The extent from 40% 42/ to 74 Co” on the fines, will reach 
from the ſine of 59? 38” to a point beyond tne limits of the ſcale ; then the 
extent from that point to the fine of 26° 200, will reach on the verſed fines 
from o deg. to about 107 40% the azimuth from the north. 


Exam. IV. On what point of the horizon, at the Cape of Good Hope, does 

the tar Aldebaran bear, when its altitude is 22* 25” © 
The co- alt. 18 6 ß Ar. co-log. fin. co-lat. = 55® 45 o, 0821 
The co-alt. is 55 45 Ar. co- log. fin. co alt. 67 35 0, 03412 
| Log. fin. + ſum = 58 54 9.93261 


The diff. D=11 50 


Now 105 50 Da, is 90, and decl.| The ſum of the four logs. 19,1416 
And 11 co==o. | | — — 
1 Their £ ſum gives 6.4? 57 9,95708 


117 29 4 4 ſum. — ; 
2) : es : | Which doubled, is 129 4 for the Sun's true 
94 09147 oF = 2 diff. lazim. from the S. or 50® 6“ from the N. 
Or thus: The extent from about 50 to about 6542 vn tne {ines : eaches 
rom about 554 to about 63? : then the extent from about 63? to about 
47, reaches from the beginning of the verſcd fines, to about 50* tor the 
aimuth from the north. | Wo A 

Theſe examples ſufficiently ſhew, that an azimuth may be worked by 
e Cuater's ſcale, not only with great readineſs, but allo as accurately as 
de magnetic azimuth can be taken by the compaſs. 2s | 

The manner of working amplitudes and azimuths has been pretty 
largely inſitted on, in order to render them familiar to mariners 3 who, for 
he generality, eſteem theſe operations very troubicſome ; and it is ona this 
account that many writers have contrived . various tables to remove the 
tru!» complained of: but from a 6::e conficeration of wat is here done, 
it is apprehended ſuch tables will not hereaiter be much wanted, 
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azim. from the jouth, or 1079 36“ from the N. 


Log. ſin. ; diff. = 47 05 9.89472 
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| BECTION Y. 
30. Of the Variation of the Compaſs. 


The magnetic poles are thoſe points of the world, towards which the 55 
north and ſouth ends of the needle in the ſea compaſs are ditectet. | 
Magnetical meridians are imaginary lines, paſſing through the magnaic 
poles. 


The variation of the compaſs is the diſference between the bearings of 


42 
the true and magnetic north poles; and is meaſured by an are of the ho- hi 
rizon contained between the true and magnetic north points: of it, þa 


The variation is named eaft, when the magnetic north point is to the 
eaſtward of the true north : but when to the weſtward, it is named ui 


6 variation. 


The magnetic amplitude of a celeſtial object 1 is its bearing by the com. 


paſs when in the horizon. 


The magnetic azimuth of a celeſtial object 1 is its bearing by the com. 
paſs when above the horizon. 

The variation is found by comparing the true and magnetic ampk. 
tudes or azimuths of celeſtial objects together. 


TO 


The uſe of the variation is to correct the courſes which a ſhip has g 
ſteered by the compaſs. 20 . 
: | | | 7 
21. PROBLEM. 


Given the true and magnetic amplitudes or azimuths of a whe tial _ 
Required the variation of the compaſs, 


SOLUTION. | | 6 


Let the true and magnetic amplitudes or azimuths, be reckoned from th 
the north ; and named eaſt when the obſervation is made in the forenoon; 
but weſt when made in the afternoon, | 

Then the difference between the true and 1 magnetic amplitudes or ai 
muths, is the variation of the compaſs. 

And is of the fame name as the true amplitude or azimuth, if the tru 
is greater than the magnetic: but when the true is Jeſs than the magnetic, 
the variation is of a contrary name to the true amplitude, or azimuth. 


"+ BRAS. 5 + SE 


For, let N reprefent the true north point of the horizon, and the arc 
N Wo the true amplitude or azimuth : it is evident, that if the arc own C 
repreſenting the magnetic amplitude or azimuth, be lefs than own, then * 
the magnetic north point of the compaſs will fall on the ſame ſide of the 0 
true north, that the amplitude or azimuth is on; but when greater, u fall 
on the contfary fide, Plate XIV. Fig. 8. 


b ExAM. 


23. 


XANM. 
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Ex AM. I. The Sun was obſerved Exam. II. The Sun was 2 
u riſe 70* from the north by the com- by the compaſs to ſet WS. when his 
paſs, when his true amplitude was N true amplitude was N. 1260 17“ W.. 
31 4 E. : What was the variation, Required the variation of the compaſi, 


and which way ? | | and which way. | 
True amplitude = 81 45“ E.] True amplitude = 126% 17'W. 
Magnetic amplitude = 70 oo | Mag. amplitude = 112 30=10 pts, 


The variation | 11 45 E. The variation = 1 2 47 W. | 


Exam. III. Suppoſe the Sun's true Exam. IV. When the Sun was ob- 


azimuth be NM. 84* 40 V. when|ſerved to bear ESE. his true azimuth 
his bearing was W. b. S. by the com- was found to be N. 889 46/ E. What 


paſs: Required the quantity and quality was the quantity and name of the vas 


if the variation. riation © OS 
True azimuth = 84* 40 Ww. True azimuth = 83 46 E. 
Mag. azimuth = 101 15 ==9 pts.| Mag. azimuth = 112 30 


* 


The variation = 16 35 E. The variation = 2 3 44 W. 


The manner of finding the variation being known, the courſes may be 
corrected by the following rules, | 


„ p ROB IL. E M. 


Civen the courſe ſet, and the variation of the compaſs : _ 
| Required the true courſe the ſhip ſteers. . 


SOLUTION, 


Let the perſon ſuppoſe himſelf looking the way the ſhip fails; then the | 


courſe ſteered by the compaſs mult be altered as many degrees, or points 
and parts of a point, as the variatien amounts to toward the right hand, 
F the variation be eaſt ; but it muſt be altered the like quantity towards 
the left hand, if the variation be weſt, . 


ExaM. I. Suppoſe the variation is 1% point W.; to correct theſe courſes 
NN; Sir. Ib.; SE. b. S. 1 E.; ENE. j E. 5 2 


Courſes ſet NNW. 2 pts. SW. W. 41 pts. SE. b. S. 1E. 32 pts, ENE ZE. 6+ 


Variation Add 12 pts. Subtr. 15 pts.| Add 14 pts. | Subtract 14 


Cor. eo. NW. b. N. 2 W. 32 pts. S W. b. 8. 3. SE. b. E. E. 54 NE. 4 E. 41 
Exam. II. The variation is 18* E.; to corred the following courſes. 


Courſes ſet N. E. b. N. 330 45 [S. b. E. 11 15 JS. W. b. VW. 560 15 | NW.==450 oo. 
Variation Add 18 00 Subt. 18 oo Add 18 oo Subtr. 18 oO 

: —— —— — 
Cor. cour. N. 51 45 E. N. 27 O0 


. 6'asW| . 76250 
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SE C 5 I ON VI. 
33. 07 finding the Ship” s drift, or leeway: 


When a ſhip turns to windward, or is cloſe hauled on a wind, ſhe gene. 
rally runs to the lee ward of her intended courſe. 
Trae 3 is the angle which the ſhip's real courſe ana with her in. 
tended courſe, occaſioned by contrary winds, and a rough ſea. 
The leeway made by different ſhips, under the ſame circumſtances of 
wind and fails, will be different ; and even the ſame ſhip, when differently 
Jaden, and having more or leſs fail abroad, will make more or leſs leeway, 
However, the following precepts for allowing for the leeway have been 


enerally given by Engliſh writers; they were firſt publiſhed by W. Jones, 
Ecg who had them from Mr. John Buckler. 


34. | Allowances for Leetuay. | 
Iſt, When a ſhip is cloſe hauled, has all her ſails ſet, the water ſmooth, and 
a moderate gale of wind, ſhe is then ſuppoſed to make little or no leeway, 
2d. Allow one point, when it blows ſo freſh that the ſmall fails are taken in. 
3d. Allow two points, when the top-ſails muſt be cloſe reefed. 
4th. Allow two points and a half, when one top-ſail muſt be handed, 
5th. Allow three points and a half, when both top-fails are to be taken in, 
6th. Allow four points when the fore courſe is handed, 
7th. Allow five points, when trying under the main-fail only. 
8th. Allow fix points, when both main and fore courſes are taken in. 
=» Allow ſeven points, when the ſhip tries a hull, or all fails handed, 
| vhen the wind has blown hard on any point of the compals, and ſhifts 4 
to the oppolite point, the ſhip will make leſs leeway than ſhe did before. 


But in all theſe caſes reſpect muſt be had to the 9 of the ſea 
and the trim of the ſhip. 


35. PROBLEM. 


— Given the place of the wind, the cour 15 ſet, and the kauen. 
| Required the true courſe the ſhip makes, 
RuLE. Count the neareſt way of the compaſs from the wind to the | 
cCourſe ſet, and as many points and parts beyond a: the leeway 
amounts to; and it gives the true courſe which the ſhip makes, 
Exam. I. The wind NIP. b. N. Exam. II. The wind SE. b. S. 4 


; the courſe ſet NE. b. N. leeway 1 /hip is cloſe hauled with her flarbuard 
point: What is the courſe made good + ? (tacks aboard, and both top- _ hand- 


- 


The wind NW. b. N. ed: What is her true courſe ? 

Courſe fet NE. by N. S z points. The wind SE. by S. | 

And the leeway = 1 point Courſe ſet E. b. I. ==7 points. 
* Subtract leeway ==} Points, 

True courſe NE, = 4 points. 


True co. NE. by N. 2 E.==3; * points, 
| 


Here, counting the neareſt way in the} The ſhip being cloſe hauled, is ſup- 
compaſs from NW. b. N. to NE. by N. poſed to be 6 pts. from the wind, and 
and one point fafther for the leeway, muſt be in the NE. quarter, being on 

| jr) the wind drives her farther to- her ſtarb. tacks : then counting © pts. 
s the caſt, will g ve NE. for the from SE. b. S. gives E. by N. 7 pts.; 
true courſe that the ſhip makes, from which the leeway is to be taken. 


SECTION 
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s EL CT1 0 N VII. 
of Inflruments for taking Altitudes. 


The altitude of the Sun, or any other celeſtial object, may be obſerved 
by inſtruments contrived after various ways; thoſe only which are beſt 
IR: 1 uſe at ſea, will be here conſidered. 


Of Davis's QuaDRANT. 


4. , | The D-ſeription and Je. Plate XIV. Fi ig. . 


The inſtrument moſt in uſe at ſea, until about the year 1740, is by 
us called Davis's QUADRANT, and by foreigners the ENGL1sH QUa- 
praNT. It conſiſts of two arches, making together ninety degrees, and 
is therefore called a quadrant, Thoſe arches are fixed in the ſame plane, 
one above, and the other below a ſtraight bar, the length of which is 
equal to the radius of the lower arch, and about three times the radius of 
the upper arch; and they are connected and ſupported by proper braces. 

The upper, or, as it is commonly called, the GREATER ARCH uſually 
contains 65 degrees, not ſubdivided into ſinaller parts; and the LESSER 
ARCH contains 25 degrees, which, on account of their larger ſize, are 
ſubdivided into ſmaller parts, and theſe, by the help of diagonal diviſions, 
and 13 concentric circles, are uſually ſubdivided into ſingle minutes. 

There are three pieces called vanes, ſo fitted to the inſtrument as to 
ſtand at right angles to its plane. 
ifts Firſt, The Horizon VANE is fitted to ths on the end of the bar or 

radius, cloſe to the center of the two arches. In this vane there is a long 

ſit, through which the horizon, that is, the line where the {ky and water 
apparently meet, is to be ſeen. | 

„ Sccondly, The StohT VANE, which is ſo fitted as to ſlide along the leſſer 
arch of 25 degrees, having a ſharp edge to cut the diviſion it ſtands at 
ard in a line with this edge is a ſmall hole, through which the horizon is 
to be ſeen through the flit in the horizon vane, 


the Thirdly, The SHADE VAN E, which is fitted to ſlide on the gregter, or 
ay bg arch. The upper line of the ſhade caſt by this vane is to 1 the 
» edge of the ſlit in the horizon vane during the time of obſervation. | 
by inſtead of the ſhade vane there is generally uſed another, called the 
Ird GLass VANE, becauſe it has a convex lens (or, as uſually called, a burn- 
. ing glaſs) fitted to it, which collects the Sun's rays into a bright ſpot on 


the horizon vane, 
AB, is the bar or radius. BC, the leſſer or 25 arch. DE, the greater or 


ite, bg arch. ab, cg, i, are braces which fix the arches to the radius, and 
its. ſtrengthen tne inſtrument. G the horizon vane. H the ſight vane 5 'he 
mY lade or glaſs vane, © FA a ray of the Sun. L DAc aright angle, or 9. 


1 37. To TI the Sun's altitude or zenith diſtance by Davie 5 Ruadr ont, 
See Plate XIV. Figure 9. 


First, put the horizon vane on to the end A of the bar 
it go cloſe to the ſhoulder at A. Set the ſhade or glais v. 
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DE to an even degree, about 10 or I5 degrees leſs than what the zerjy 


diftance is judged to be; and put the fight vane about the middle gf , 40 
arch Bc: obſerving that tne ſhade and ſight vanes be thruſt cloſe to th 57 
backs of the arches. 5 | SR 8 
Secondly, Turn your back to the Sun, hold the plane of the inſtrument hold 
in an upright poſition, look through the hole in the ſight vane, and rife eſe, 
or lower the quadrant until the bright ſpot caſt by the Sun through ts ont 
glais vane, falls on the © in the line drawn through the lit in the horizon end 
vane; then, if the horizon is ſeen through the ſlit in the horizon yage ot 
even with the ©, the quadrant will give the Sun's altitude or zenith dif. whe 
tance at that time. | | | call 
Thirdly, But if the ſky appears through the ſlit inſtead of the horizon _— 
flide the ſight vane H higher, until the horizon coincides with the brizkt cel 
ſpot falling on O; or if the fea appears inſtead of the horizon, {lide the 
ſide vane E lower, until tie ſpot and horizon come together, and the ob. 
ſervation at that time is made, Eo 
Fourthiy, To the degrees between p and F add thoſe between c and z, 3 
their ſum gives the zenich diſtance : but the degrees between B and y, © | 
added to thoſe between F and E, ſhew the altitude. 1 | 
38. Now to find the latitude, the meridional altitude or meridional zenith cle; 
diſtance of the Sun is wanted. Therefore begin ſome time before noun, k 
and having taken an obſervation as above directed, wait a minute or tw, [] 
and obſerve again; and if the ſea appears through the horizon vane the 1 
Sun has got highes, therefore ſlide the ſight vane lower, till the ſolar ſoot 5 
and horizon coincide; and thus continue obſerving at ſhort interyals * 
until the ſky appearing inſtead of the ſea ſhews that the Sun has paſt the 
meridian; When this happens, let the vane ſtand as at the laſt alteration, 
and add the degrees in the greater arc to the degrecs and minutes in the 1 
leſſer, their ſum gives the meridional zenith diſtance. | 1 
If inſtead of the brig '1t ſolar ſpot, the upper border of the ſhade be made lim 
to fall upon the horizon line, at the time the ho: zon is feen through the en 
flit in that line, then the ſum of the arcs is the zenith diſtance ef the of t 
Sun's upper edge or limb, to which add 16 minutes, and the ſum is the ma 
diſtance af the Sun's center from the zenith “. 1 | 05 
39. Obe great objection againſt this inſtrument is the trouble and time eon 
loſt in ſliding the tight vane up or down, which ſometimes cannot be done tan 


without taking the qui drant from the eye, by which means an opportu- 20a 


nity may be loſt of inaking the obſervaticn. But this defect is removed 1s 
by having an index or ruler fitted to the quadrant ; one end of it moving 
round the center to which the horizon vane is fixed, and the other carry- 
ing the ſight vane along tue arch. By this contrivance the ſight vane riay ; 
be re-dily raiſed higher, or lowered, by the motion of the index about its 


cente;, without taking the inſtrument from the eye. | + 
IE — — u. 

* This rule is given by moſt writers; but as the extremity of every ſha- | 
dow caſt by the ſun is penumbral, too faint at the very extremity to be per- of 
ceptible, ard ſo nearly dark before it is really ſo, that the limit of the pen- an! 


umbta cannot be diſtinguiſhed, it is obvious that it cannot be proper for 
practice, where the obſerver muſt neceſſarily take the middle between the 
two: nothing muſt therefore be allowed for the Sun's ſemi-diameter. 


40. There 
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40. There is another inſtrument, called a Fore SrArr, or CRoss 
eraFF, that has been long uſed at ſea for taking the altitudes of celeſ- 
tial objects, articularly the ſtars. Jn uſing this inſtrument the obſerver 
folds one end of the ſtaff, which is a three-feet rod, cloſe to one ſide of his 
eye, and flides a tranſum or croſs piece, which is in an upright poſition, 
dong the ſtaff, until one end of the croſs touches the ſtar, and the other 
end the horizon at the ſame time; then the diviſion of the ſtaff, which 
the croſs ſtands againſt, is the altitude, But the many inconveniencies 
which attend the uſe of the croſs-ſtaff, make it now of little note, eſpe- 
cially ſince the uſe of Hadley*'s quadrant is become more general; as this 
inſtrument far ſurpaſſes all others for obſerving altitudes and diſtances of 
celeſtial objects at ſea, both in eaſe and accuracy. RS 


Of HADILE 's QUADRANT. 


41. The Deſcription and Uſe. Pl. XIV. Fig. 17. 


This inſtrument conſiſts of the following parts : 
I. The arch Bc, which is generally an octant, or eighth part of a cir- 


cle; but, is more uſeful when it is a ſextant, or ſixth part of a circle. 


II. The index p, with its Vernier's ſcale. T7 =—_ 
III. The ſpeculum K. 
IV. Two horizon glaſſes, F and , with their adjuſters, 
V. Two ſkreens, K, K. | 

VI. Two ſight vanes, H, 1. 


I. Of the Otant. 


The oftant conſiſts of the two radius's or bars AB, AC; the arch or 
limb pc; and the two braces, L, M, which are to ſtrengthen and pre- 


vent it from warping. Although the arch contains only the eighth part 


of the circumference of a circle, or 45 degrees, it is divided into go pri- 
mary diviſions, each of which ftands for a degree; they are numbered 
0, 10, 20, 30, Sc. to go, beginning at each end of the arch for the 
convenience of numbering both ways, either for altitudes or zenith diſ- 
tances, Every degree is ſubdivided into two or three parts, and theſe 

2 5 R : 5 5 3 
again into ſingle minures, either by diagonals, or Vernier's method, which 
© better, 5 | 


— 


II. Of the Index. 


The index D is a flat bar, moveable round the center of the inſtrument 
that part of the index which ſlides over the graduated arch Bc, has either 
aſharp edge to cut the diagonal diviſions, when the limb is ſo divided, or 
has Vernier's ſcale on it. | | | 

From the bottom of the index a piece of braſs turns up againſt the back 
of the inſtrument, with a ſcrew in it, ſerving to faſten the index againſt 
any diyiſion. : a 


94 When 
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the bottom part, and not by the middle. 


Bock I, 
When the index is moved along the arch, it ſhould be taken hold of y 


The principles, upon which the Vernier's ſcale depends, were ſhewn i 
Book V. Art. 219; but it may be proper to add ſome general direQions 


in this place, by which learners may be enabled to read the degrees ay = 
minutes ſhewn by the index. | . W. | rays 
| The generality of Hadley's quadrants are of -15 or 18 inches radiug of ti 
and have each degree on its limb divided into three parts, of 20 minute T 
each. The breadth of the Vernier's ſcale is therefore equal to 7 c. we! 
grees; and as theſe ſeven degrees are divided into 21 parts on the link, i. 
each of 20 minutes; the ſcale is divided into 20 equal parts: conſe. if 
quently each Civiſion on the ſcale is larger than each diviſion on the linh hori 
by 2th part of a diviſion on the limb, or th of 20 minutes; that, B 
each diviſion on the ſcale exceeds each on the limb by 1 minute of a d. by | 
gree: conſequently, if any one diviſion of the Vernier's ſcale ſtands againk WM ya 
one of the diviſions on the limb, no other diviſion on the ſcale can coin- | 
. Cide with a diviſion on the limb. | | | | 

Now the middle line of the index p, which is the moveable radius of # 
the quadrant, is the index, or pointer, of the Vernier's ſcale, and is uſually Gur 
its middle line; there being 10 diviſions, or minutes, on each fide, num. the 
bered 5, 10, to the right, and 15, 10, to the left; that is, the firſt 10 the! 
minutes of the ſcale is reckoned in order from the middle line or index to bo 

the right; and the latter 10 minutes is to be reckoned from the left-hand 

end of the ſcale toward the right, and ends at the middle line, where ty 
others began. EE, þ 
Suppoſe the middle line, or index of the Vernier ſtood againſt 485, and _ 


ſomewhat more than one ſubdiviſion on the arch of the inſtrument. Exa- : 
mine, firſt towards the right hand of the ſcale, if any of its diviſions ſtand * 
againſt a diviſion on the arch; and ſuppoſe that the 7th diviſion from the WW ur 
middle one is found to do fo, theſe ſeven muſt be added to what the 


middle line on the Vernier ſtood beyond on the arch ; that is, to 4.87”, of - 
48 20', and the whole will be 48 27” that the index of the inſtrument 10 


ſtood at on the arch. But if none of the right-hand diviſions ſtand againft 
a diviſion on the arch, examine thoſe on the left-hand, beginning at the 


extreme one, and proceeding toward the middle; and let the 16th di- 
viſion be that which coincides with a diviſion on the limb (for ſome one 


will); then thoſe 16 added to 48 20” make 48* 36 for what the index Bll A 
ſtood at, A magnifying glaſs, or double convex lens of a ſhort focus, 
will aſſiſt the obſerver in diſtinguiſhing that diviſion on the Vernier which 


coincides with, or ſtands againſt a diviſion on the arch, ul 
N | m0 
1 III. Of the Speculum. | ho 


The ſpeculum is a flat piece of glaſs, quickſilvered on one ſide like 2 al 
common looking-glaſs, and fixed to the index by means of a braſs frame, 


3 c ; s | gr es, + 5 on 
directly over the center of it; its ſurface coinciding nearly with the firl 11 
diviſion of the Vernier, and exactly perpendicular to the plane of the in- 1 
ſtrument. The poſition of its ſurface muſt therefore alter as the index Bi y 
turns on its center, | We . in 

The uſe of the ſpeculum is to receive the rays from the object obſerve, A 
and reſlect them on the horizon glaſſes. | 5 P y 


IV. 0 
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IV. Of the Horizon Glaſſes. 


- Theſe are ſmall pieces of looking=glaſs placed on one of the radii, the 
ice of one of them being parallel, and that of the other perpendicular 
to the ſpeculum when the index ſtands at o; they receive the reflected 
rays of 2 objects from the ſpeculum, and tranſmit them to the eye 
the obſerver. | | | | e 
47 he glaſs F has only its lower part quickſilvered, and ſet in braſs work: 
the upper part being left tranſparent, that the horizon may be ſeen through 


"ih the middle of the glaſs G is a tranſparent flip, through which the 
horizon is to be ſeen. | 5 x 

Both of theſe glaſſes are ſo mounted, as to have their poſitions ſet truly 
by their adjuſters at the back, ſhould the frame of the inftrument be 


warped. ao, fs . 
| V. Of the Skreens. 


"Theſe are two pieces of coloured glaſs ſet in frames, to prevent the 
Sun's rays from hurting the eye during the time of obſervation. When 
they are uſed with the glaſs F, they are to be where the figure ſhews 
mem; but when uſed with the glaſs o, they are to be ſet at their hole 


above G. 


VI. Of the Sight Janes. 


That at H is uſed with the glaſs G6 in back obſervations : and the ſight 
yane 1, which has two holes, is uſed with the glaſs F in fore obſer- 
vations. . 

For with this inſtrument an obſervation may be made with the face 
turned from the object, which is called a back obſervation; or with the 
face turned toward the object, which is called a fore obſervation: but 
before any obſervation is attempted, the inſtrument ſhould be examined 
to-ſee if it is fit for uſe. | 


T o refiify or adjuſt Hadley s Quadrant. 


2. 8 I. For the fore Obſervation, 


Bring the index p cloſe to the button ö, that the middle of the Ver- 
nier's ſcale may ſtand againſt o degrees. Hold the plane of the inſtru- 
ment vertical with the arch downward; look through the right-hand 
hole in the vane 1, and direct the fight through the tranſparent part of the 
elaſs F to the horizon, Now if the horizon line, ſeen both in the quick- 
ſlvered part, and through the tranſparent part, ſhould coincide, or make 
one ſtraight line, the glaſs F is bb adjuſted. But if one of the horizon 
lines ſtand above the other, flacken the ſcrew in the middle of the lever, 
dehind the glaſs E, and turn the ſcrew at the end of the lever back- 
ward or forward, as there is occaſion, until the horizon lines co- 
incide; faſten the ſcrew in the middle of the lever, and then the horizon 


laſs i dj ſt 9 
, ls adju ed 47. Il. 
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43. | II. For the back | Obſervation, | 


Turn the button 6b on one fide, find the dip of the horizon on Your 
height above the water in the following table (Art. 55.) and ſet the mid 
line of the index p as many minutes before o degrees, as there are in tyic 
that dip, Hold the plane of the inſtrument vertically, with the arch 

downward ; look through the hole in the vane mn, and if the horizon 
line, ſeen through the tranſparent ſlit in the glaſs 6, coincide with the 
image of the horizon ſeen in the quickſilvered part of the ſame ga 


then the glaſs G is in its proper poſition. If not, ſlacken the ſerey If 
pin in the middle of the lever, behind the glaſs 6, and, looking through the f 
the vane H as beſore, turn the ſcrew at the end of the lever back, per © 
ward or forward, as it is wanted, until the horizon lines coincide; In 
then tighten the middle ſcrew, and the glaſs G is adjuſted. In ſetting this ſerve 
glaſs by the oppoſite horizon, the head ſhould be held a little backwar, 40 
not to intercept the light from behind. The horizon ſeen from be. altit. 
hind will be inverted; that is, the water will appear above, and the ſky tude 
below: if the two horizon lines croſs one another, the inſtrument is nc: of th 
held upright. | | | its u 
| dun, 
To take the Sun's Altitude with Hadley s Quadrant. i 
s | | ori! 
44 | (1 I. By the fore Obſervation. | | * 
tne 


Fix the ſkreens K above the horizon glaſs r, uſing either or both af 
them, according to the {trength of the Sun's rays, by turning one or 8 
both of the frames of theſe glaſſes cloſe againſt the plane or face of the 
inftrument ; then the face being turned towards the Sun, hold the qua- 47. 
drant by the braces L, M, or by either radius, as is found moſt come. 
nient, ſo as to be in a vertical poſition with the arch downward ; put 1 
the eye cloſe to the left-hand hole in the vane 1; look at the horizon 31 
through the tranſparent part of the horizon glaſs y; at the ſame time, WW '*"* 
move the index p with the left-hand, until the image of the Sun, ſeen in er 
the quickſilvered part, falls in with the line of the horizon, taking either 
the upper or under edge of the ſolar image, Swing your body gently be 
from {ide to ſide, and if that edge of the Sun which is obſerved touch the 5. 


horizon line like a tangent, without cutting it, the obſervation is well the 
made : and the degrees on the arch, reckoned from that end next your 1 
body, give the altitude of that edge of the Sun which was brought to the ati 
horizon. ſery 


If the lower edge was obſerved, then 16 minutes added to the ſaid de- 


grees, give the altitude of tl.e Sun's center; but if the upper edge wa 
uſes, the 16 minutes mult be ſubtracted. 


45. II. By the back Obſervation. is, 
Put the ſtem of the ſkreens K into the hole next the horizon glaſs 6, [ 
uſing them as before ſaid, according to the ſtrength of the Sun's rays. of 1 
Then the back being turned to the Sun, hold the inſtrument by the BW": 
radius c and brace L, in a vertical poſition with the arch downward; WW": 
put the eye cloſe to the hole in the vane h, look for the horizon I de 
er | r | CM! FOO * through the 
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dreugb the tranſparent ilit in the glaſs 6; with the right-hand move 
de index Dy until the image of the Sun, ſeen in the quickſilvered part 


Your of the glals Gy ſtands in the Horizon line, ſeen through the tranſ- 
adde parent flit, uſing either the upper or under edge of the Sun, as is moſt 
Wice convenient. Sveing your body gently to the right and left, to try if 
arch the Sun's ede runs along the horizon; if it does, the obſervation is 
Ion well made, and the degrees reckoned from that end of the arch fartaeſt 
| the form 1017 body, will give the altitude of that part of the Sun which was 
laſs obſerved. 1 F | | 

crew if the Sun's lower edge was obſerved, then 16 minutes ſubtracted from 
uph the ſaid degrees, will give the altitude of the Sun's center; but if the up- 
acks r edge was obſerved, then 16 minutes are to be added. 

ide; [n either of theſe obſervatioiis, if the altitude of the center could be ob- 
this ſerved, there would then be no need of uſing the 16 minutes. 

ard, 46. The fore obſervation is :ather mo? convenient, eſpecially in great | 
be. altitudes, bæcauſe there is a much larger ſcope above and below the alti- 


tude wanted, than there is in the back obſervation, which, on account 
of the obliquity of the ſpeculum and horizon gliſs, is more contracted in 
is uſe, And indeed the back obſervations need ever be uſed for the 
dun, when there is a clear horizon forward, or under the Sun: when 
this is hazy and ill defined, it is beſt to uſe the back obſervation, if the 
horizon is clear that way; it is proper, therefore, that the horizon.zlaſs G 


ſhould , be always in readineſs, by having it well adjuſted ; and becauſe 


made former method is not readily attained by beginners, we ſhall annex 
77 another ſome what more convenient. | 
the e >; LES | 

ur Another way to adjuſt for the back Obſervation. 

me. | 


Take the altitude of the lower edge of the Sun by the fore obſervation, 
25 near to noon as can be; then put the ſkreens into the hole near the 
vane H, and turning your back to the Sun, and holding the inſtrument 


put 
1700 


3 1 properly, taking care not to move the index, look for the horizon line 
ther trough the tranſparent ſlit of the glaſs 6; and if the horizon line 
-ntl touches the upper edge of the Sun's image in the glaſs G, it is properly 
the WT ojjuited : if they do not touch, turn the glaſs by the lever behind it, till 
well they do, | . | 

— This operation muſt be done quickly, before the Sun ſenſibly alters in 


) the 


| de» 
Was 


altitude; and may be frequently repeated to make the fore and back ob- 
krvations agree. eu ME 


To take the Altitude of a Star by Hadley's Quadrant, 


4b, - I. By the fore Obſervations. | 


s „ Look directly up at the ſtar through the vane x, and tranſparent part 
rays. of the glaſs H, the index p being cloſe to the button 5; then will the 
the mage of the ſtar, by reflection, be ſeen in the ſilvered part right againſt 
ard; be tar, ſeen through the other part. Move the index forward, and as 
izon be image deſcends, turn the quadrant round its center, keeping it all 
2yzh Wi fi: time in a vertical poſition, and the image of the ſtar on the ſilvered 


tiice, by the ingenious Mr. Peter Dollond, Optician to his Majeſty; 


© | PAS WORKS. * dba 
part of the horizon glaſs, till it comes down to the horizon ſeen * 
the tranſparent part; and the obſervation is made. | 0 


49. If the altitude of the ſtar is pretty great, ſome other ſtars, bel 
that wanted, may appear by reflection from the great ſpeculum, on the 
horizon glafs G ; theſe will dance with the motion of the inſtrument, hy 
the true ſtar will remain at reſt about the middle of the glaſs, and fo th 


others cannot be miſtaken for it. VF 
For the principles of the conſtruction ſee the Appendix. 


Jo. Hadley's Quadrants, within a few years paſt, having been applied 
to take the obſervations neceſſary for finding the longitude at ſea, it hy 
been found that ſuch obſervations required a degree of accuracy, of which 
the inſtruments conſtrued in the common way were not capable: a 
expert mariners having complained of theſe defects, different workmen 
have applied ſundry articles to the quadrants to remedy the inconveniencig 
complained of; ſome of which follow. 8 

Iſt, A ſcrew to the lower end of the index, to regulate its motiol 
when brought by the hand to a diviſion ſhewing nearly the conta& te. 
quired ; and a magnifying glaſs to read off the diviſions ſhewn on the 
limb by the Vernier, . | 3 _ 
24d. A ſmall tube, or teleſcope, inſtead of the ſight vanes, to dire the 

line of ſight parallel to the plane of the quadrant ; which tube is to be 
ſcrewed into a ring fixed to a ſquare ſtem that ſlides in the ſocket made 
for the ſight-vane, and by the help of a ſcrew at the back of the quadrant 
this tem may be raiſed or lowered, ſo as to move the axis of the tek. 
fſcope to point to any part of the horizon glaſs which is judged fitteſt for 
the obſervation. | EY | | 
za. The arch has alſo been extended from an octant to a ſextant, or 
the ſixth part of a circle; by which means angles exceeding 9o degrees 
may be obſerved ; and ſuch angles are often wanted in taking the angular 
diſtance between the. Moon and Sun, or Moon and Star. Alſo, for the 
convenience of holding the inſtrument eaſily in ſuch obſervations, a ſtout 
hay is fixed to the back, which is a very neceſſary addition. 
Ath. The ſpeculum being liable, in the ordinary way of fitting it, to be 
bent; and conſequently the ſame obſervation would have different mea - 
ſures, according as the object happened to be reflected from different parts Mind 
of the ſpeculum; this has been lately rectified by a new manner of ſetting iſ; 
the ſpeculum in its frame. N | 
sth. A new method of adjuſting the glaſſes for the back obſervation 
has lately been diſcovered, very accurate in principle, and ready in prac- 


who alſo thought of the method of preventing the index ſpeculum from 
being bent in its frame. By his adjuſtments, angles of any magnitude, 
under 180 degrees may be taken; viz. by the fore obſervation all under 
120?, with a ſextant; and by the back obſervation, all between go and 
180 degrees, . „ 8 | 
- -Hth. Although Mr, Hadley at firſt directed that the line of fight 
ſhould be parallel to the plane of the inſtrument ; and for placing and, 


preſerving it ſo, propoſed, that two parallel wires ſhould be fixed in, piece 
the teleſcope parallel to the plane of the quadrant; and that the yr” 


a of the objects ſhould be obſerved in the middle between the two 
wires ; yet theſe circumſtances not being ſufficiently attended to, the two 
Ale] wires had been neglected in fabricating the inſtrument ; theſe two 


n thi arallel wires are now replaced in the focus of the eye-glaſs, fo as to di- 
, bu ide the diameter of the field of- view into three equal parts; and when 
0 the Waiſt! teleſcope is adjuſted parallel to the plane of the inſtrument, it will re- 


min ſo during the obſervation. Ts ITS 

th. As every glaſs mirror has two reflections, viz. one from the face, 
nd one from the filvered back ſurface, theſe double reflections cauſe not 
au ſome confuſions among the reflected rays, but conſiderable errors 
n the obſervations, if the face and back of the glaſs be not parallel 
Janes : and as none of theſe can happen from a plane mirror which has 
ut one reflection, the upper part of the index ſpeculum is now made 
With its back rough ground and blacked ; by this means the rays only 
which fall on its face will be reflected; and theſe are found ſufficient 
when the object obſerved is tolerably bright; but when it is otherwiſe, 
he object may be obſerved from the lower part of the ſpeculum, which is 
flvered ; the line limiting theſe two parts is parallel to the plane of the 


; quadrant, Theſe two improvements were directed by the Rev. Dr. Maſ= 
3%, Aſtronomer Royal. | 
tie The methods, by which theſe ſeveral adjuſtments are to be made, to- 
0 by gether with ſome other particulars relating to the uſe of the inſtrument, 


ze fully treated of in the book which accompanies the ſale of Mr. Dol- 
nls quadrants, 8 | 


5. To make an Artificial Horixon. 


One great inconvenience that mariners have to ſtruggle with at ſea, is 
the frequent want of an. horizon. For though the at:notphere may be 
clear enough to give a view of the Sun or other objects, at the height of 


10 or 12 degrees and upwards, yet all below that height is often ſo hazy 


ton made at ſuch a time cannot have the deſired correctneſs. And al- 
though water in a veſſel will have its ſurface horizontal, and an obſerva- 


o be nation may be made on the image of the Sun, ſeen in it when that water 
5 i perfectly ſtill, yet the tremulous motion of its ſurface, from the leaſt 


vind or motion of the ſhip, prevents this expedient from being generally 
uſed at ſea ; and therefore many methods have been propoſed ; among 
which _ whirling Speculum, or Top, was, for a while, thought a 
proper inſtrument, but it has been found imperfect. - Some artiſts uſe the 
flowing method: | „ 

Into a wooden, or iron, circular box, of about 21 or 3 inches diameter, 
and about inch deep, pour about a pound or more of quickſilver; and on 
this lay a metal ſpeculum, or piece of plain glaſs, the diameter of which 
s about 3 of an inch leſs than that of the box; this will float in the quick- 
ilver, and ſhew the image of the Sun very ſteady. This apparatus being 
Th lung in jimbals will preſerve a tolerable good horizon. | 

1 he ſpeculum, or glaſs, ſhould be homogeneous, and have parallel 


Fi des. There. are ſome workmen, who can work the two planes of a 
on- de of glaſs, ſo that they ſhould be demonſtratively parallel. 2 
; 9 | | | r 


— 
— 
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s to hinder a diſtinck fight of the horizon; and conſequently an obſerva- 


ears WORES toi 


Or the fine ſurface of the quickſilver will do of itſelf, when the motion 
is 20t great. 1 | f 
In all obſervations made with theſe artificial horizons, a piece of (©. 
loured gl:ſs thould be fixed before the fight vane, to preſerve the eye; and 
the ſkreensW>may be taken off. : e - 
Corrections of the apparent or obſerved Altitude, 
In obſervations of the Sun, it is uſual to obſerve his upper or loye 
edge; to which his ſemidiameter being applied, gives the apparent place 
A the center. For this purpoſe, among the tables, page 255, is one they. 
ing the Sun's ſemidiameter for every ten days throughout the year; 2 
this is conſtantly altering with his diſtance from the Earth: but it is ge. 
nerally reckoned ſufficiently accurate to allow 16 minutes for the Sug 
ſemidiameter. | = 7 5 
Every altitude obſerved at ſea muſt be corrected: two correQions x 
common to the center of every object; and three to the Moon, 
52, I. The Dir or THE Horizon. 
The obſerver's eye being raiſed above the level of the ſea, he fees a 
horizon below the level of the true one; and conſequently the inſtrumem 
gives an altitude too great, when a fore obſervation is uſed ; and to 
imall, with a back obſervation, unleſs the latter of tne two methods for 
adjuſting the back horizon glaſs be uſed. N 
As this error depends on the height of the eye above the water, and 


that on the ſize of the ſhip; a table of theſe corrections to different ee. 


vations has been computed and inſerted for ready uſe. The principle 
upon which theſe computations depend are given in the Appendix to this 


a: II. Tre RETRACTION.Ä 


The vapours in the atmoſphere cauſe celeſtial objects to appear higher, 
or with greater altitudes, than they really have. Theſe refcaCtions, which 
are greateſt at the horizon, and diminiſh in quantity as the altitudes in- 
creaſe, have been collected by eminent aſtronomers, and are here diſ- 
poſed of in the following table; the apparent altitude, above the true hoti« 
2on, is to be diminiſhed by the quantity of the refraction on that altitude, 

For the principles, ſee the Appendix. | | | 


1 III. PAR ALL Ax. 


From the explanation of parallax, at Art. 66. B. V. it is evident, that 
the Moon, when ſeen at the ſame time from the ſurface and center ot 
the Earth, will not appear in the ſame place in the heavens z and this 
ariſes from the ſemidiameter of the earth bearing a fenſfible proportion 
to the diſtance between the Earth and Moon, which on a mean is about 
Jos 2 quantity that conſiderably affects the obſervations on that planet; 
and therefore muſt be allowed for. But the diftance of the Moon from 
the Earth conſtantly altering, between the Apogee and Perigee, the 
| parallax alſo will be continually altering. The Moon's horizontal paral- 
lax, which lies between the limits of 53 minutes and 62 min. is given 
in the Nautical Almanac for every twelve hours throughout the ek: 

| | 5 whi 
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which being known, her parallax to every two degrees of altitude. 
exery minute of horizontal parallax, may be found in the following table g | 


5s, TABLES for correcting the obſerved ALTITUDEs of CELESTIAL, 
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Osy ECTS. | 
The ſemi- diam. of | Dip. of Refracti | | | I 
Day | Sun's | Day att. Dip. : | | Ws : 
of | ſemi- } of of of APP» App. App. 4 N | 
month diam. month. Eye. Hor. Alt. 1255 Alt.] Bel. Ale "0 ale, Ret 
IM. S\ feet. M. S. Deg M. S Deg. M. S Deg. | S. Deg. ] S | 
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10015 59 2114016 2 7 [7 20 26 [ 56 45 577416 
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0 5 47 : iill 85 | 8 48/14 3 4 21 % 28] 83 [44 FW 7 | 
301! $ 9 1100 | 9 ”* #3 4 3. 3% # 8 . 5343 90 — 
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SECTI 


Of Comparing and Correcting Time. 


BLE + | 
_ Given the eftimated account of the ſhip's longitude from London; t fd 


ST» 


i 


the correſponding times at the ſhip, and at London. 


| Kvans | 
Let the given time be always reckoned from the preceding noon; an} 


turn the degrees in the difference of 


1. Then eaſt diff. long. im time, ſubtracted from the ſhip's time, gives 
Lond. time, P. M. from the noon uſed. | | 
And eaſt diff. longitude in time, added to London time, gives the ſhip 


time, P. M. from the noon uſed. 


Note, If it be neceſſary to borrow 24?, the London time will be on 


the day preceding the given one. 


Or, if the Sun exceed 24, the exceſs above 24* is the ſhip's time on 


the following day. 


II. Weſt diff. longitude in time, added to the ſhip's time, gives Lond, 


time, for the noon uſed. | 


Or, The exceſs above 24, is Lond. time on the following day. | 
And weſt. diff. long. in time, ſubtracted from Lond. time, gives the 
the noon uſcd ; or on the preceding day, if 24* were 


ſhip's time from 
borrowed. 


I. What London time anſibers to 
a ſhip's noon, at a place 4 hours to the 
eaſtward of London? 


Here ſhip's time is 24* from pre- 
ceding noon. _ 

Then 24—4f 20h P. M. Lon- 
don time, on the day before. 

Or, Ship's noon anſwers to 8 
o'clock morning at London. 


II. bat London time is it;-phen 
it is noon at a fhip 5h. to the weſt of 
Lonaon ? . | 
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EXAMPLES. 


ON VIII. 


longitude into time. 


(V. 13) 


II. When it is 8 o'clock in the no- 
ing at London, what is the correſpond- 
* time at a ſhip 4h. to the eaſtward? 


Here 8 o'clock morning, is 20 
. M. from noon of preceding day. 
Then 20 P. M. + = 245 P. M. 
ſhip's time. 
Or, 8 o'clock in the morning at 
London anſwers to noon in the ſhip, 


IV. When it is 5h, P. M. at Lu- 
aon, what hour is it at a ſhip 5b. N. 
of London? | | 


| oe P. M.— 5 W. O P. M. or 


ob P. M. + & W. = 5 P. M. at 
Le. 5 3 FM. a 


noon in tne ſhip. 


V. What 


Ind 


bh, "+7 in the morning, at a "mp 66 
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v. What London time anſwers to 
2h, 38m. P. M. at a ſhip 22 deg. to 
the ea/t of London © 


22? E. makes 1b 28m, (V. 133) 
Then 26 38m P. M.— 1 28 E. 


21. 10 P. M. at London. | | 
Vil. What time is it at Londen, 


when a ſhip 1 MW. of London reckons 
i 3b 20M, 


my W.=2d 400 W. (V. 1 
Then 30 20m P. M. T 20 40 W. 
= on P. M. London. 


IX. What London time anſwers to 
5, 26m. P. M. at a ſhip 1200 E. of 
London? 

120 E. makes 8b E. (V. 133) 

Then 20% 26 P. M. — 8 E. 21 
26% P. M. the preceding day. 

Or, 9 26* in the morn, at Lond. 


| 
XI. I/hat London time anſwers tg 


5h, 42m. P. H. in a ſhip 110? . 
of London? 
uo” e 20» W. (V. 133) 
Then 5˙ 42am P. M. +75) 20 IF 
1% 2% P.M, Or i 2 in the 
morning at London, 


XIII. A ſhip 28* 300 E. of London, 
reckons 7 420 in the morning: what 
bour is it at London? 


28 30) E. n E. 

Then 190 42m P. M. — Ik 54 E. 
217 48 P. M. 

Or, 485 after 5 in the morning. 


XV. What London time anſwers to 


V. of London? 
bb' W. 4 24 W. 
Then 18 4 5 P. M. 4 45 24 W. 
223 ꝙn P. M. 


Or, 11 g in the morning at 


— 


VI. WWhen it is 15. 10m. P. M at 
London, what time is it at a ſhip 22 E. 
of London? 


22 E. makes 1 28m, (V. 13 
Then 1b 10m P. M. + 1 28 2 = 
ah 38= P. M. at the ſhip. | 


VIII. 2 it is 7h. P. M. at Lon- 
don, what ſhip s time is it 40˙ W. of 
London ? 


40 W.=2 A. (V. 133) 


en 7? P. M.—2 40 W. — 3 
E 1 


M. ſhip. 
X. IWhen it is gh. 26m, morning at 


E. of London? 


120 E. makes 8b E. (V. 133) 
Then 21" 269 P. M. +8 E=29 


26 P. M. or 5* 26" on the follow- 


ing day. 


XII. What is it at a ſhip 110 W. 
of London, when it is 1h. zm. in the 
morning at London? 

110% W. . 20m W. (V. 133) 
Then 13 2» P.M.,—7* 20 W. 
=5" 42 P. M. 006 


f XIV. When it is 5h. 48m. morn- 
ing at London, what hour is it at @ 


hip 28 30' E. of London? 


28? 20' E. In 54 m E. 

Then 17 48= P. M. 10 54" E. 
2100 4 P. M. ſhip. 

Or, 7 42= in the morning. 


XVI. When it Wu 51m. of noon 
at r what hour is it at a ſip 60 
W. of London? | 


6692 W.=4b _ W. 

Then 23⁰ om P. M.—4h 24” w. 
—=19 45" F. M. 

Or, Time at the ſhip is 6* 45* 


ndon, | | 


Vor. II, 


morning. 


ö | XVII. Pen 


2 what ſbip's time is it at 120 


3 
— — 


75 
| . 
of = * 
1 
1 * | 
* 
1 


; 
; 


58. PROBLEM II. 


actly (the index of the quadrant being already ſet to the morning alti- 


the meridian of that place. 
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XVII. Then it is 4h. 26m. morn- XVIII. What hour is it at a ſh 


ing, at a ſhip 98 45/ E. of London 9845 E. of Lindon when it i 
what hour is it there? 51m, P. M. at London? ; "7 . 
98* 45” E. G 35 E. 98* 45 E. i 35n E. 2. 
Then 16 26 P. M. — 6h 350 E. Then 90 5 In P. M. +6) 35u p DE 
=9" 51” P. M. at London. 216 26» P.M, f 3 


Or, 4 28 morning at the ſhip, 


XIX. hat London time anſwers XX. When it is gh. 20m. P. . 
zo 10%. 40m. morning, at a ſhip 160% at London, what hour is it at a ſhip 
M. of London? 160. of London? 


EW. 0 160 W. 2 10 gon . 
Then 22 40 P. M. ＋ 10 40 Then 33 20 P. M. — 100 je 
W. 33 20 Pp. M. or gf 20 P. M. W. 220 40 ſhip; or, 16 405 
at London, on the follow ing day. oy at the ſhip, on the preced- 
ing day. | 


Theſe twenty examples have been introduced, becauſe experience hatk 
ſhewn that a variety is neceſſary to moſt beginners, 2 


To find the apparent time at ſea, and thereby to regulate, or compare, tht 
going of a watch, > if 5 


IJ. By equal Altitudes. (V. 215. 297.) 


The ſhip lying by, let the Sun's altitude be taken at any time in the 
forenoon, 3, 4, or 5 hours diſtant from noon, ſet down that time and al- 
titude. In the afternoon, wait until the Sun has the ſame altitude ex- 


tude) and note down that time; then the half ſum of theſe two times is 
the apparent time ſhewn by the clock or watch, when the Sun was on 


If it were wanted to reduce the apparent time to mean time, 1 

Seek in the Nautical Almanack * for the given day, and take out the um 
equation of time; which applied, as its title directs, to the apparent time, the 
gives the mean time. Aftronomical tables are uſually fitted to mean 5 
time, : N © 


As it is poſſible that an altitude taken in the morning cannot have a of | 
correſponding one in the evening by the interpoſition of clouds; it is 3 
beſt to take ſeveral in the forenoon; in order to have a greater proba- W 
bility of ſecuring a correſponding altitude in the afternoon ; and if ſe— 
veral obſervations of equal altitudes can be made on both ſides of the me- 
ridian, it will be beſt to find the noon to each pair, and take a mean of 
all the noons thus found for the true one, | 


ll. — 3. 8 5 
3 9 


— ha 


* The Nautical Almanack is publiſhed annually, under the direction of the 
Commiſgoners of Longitude, which Almanack every ſkilful mariner ſhould 
have with him at Sea, Pp 


i CaS Ma = 


if 
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If equal altitndes are taken within fix weeks or two months of an 
equinoX, It will be proper to make an allowance for the change in the 
6in's declination between the forenoon and afternoon obſervations, as is 
hien in Book V. Articles 217, 297. 

[f tnere is reaſon to ſuſpect, that the watch gains or loſes conſiderably 


jn a day, other ſets of obſervations ſhould be taken on ſucceſſive days, by 
which the daily variation of the watch may be found, and allowed for. 


Exam. I. May 20th, 1772, at ; Exam, II. March 18, 1772, be- 
þ 40 forencon, and at by 6m ing in latitude 49 V. at 80 10m 58% 
gſternoon, by my ꝛbateh, the Sun had forenoom, and at 36 58 . 34 after= 
equal altitudes : required the going of ncon, the Sun had equal altitudes : 
the watch © | how did the watch go? : 
Add together $25 0” Add together | 12k on of 
| + 8.40 | + 8 10 58 
: +: 3-16 +13 58 34 
a Take the half ſam 23 56 Take half the ſum 24 9 32 
Rem, noon by the watch =11 58 Gives the middle time 12 4 46 
Apparent noon 0 Corr. on mid, time 19 
Watch too ſlow 2Q min. Noon by watch 12 4 27 
10 | —— [Apparent non 122 
Watch too faſt 4 27 
May zoth ap. noon 11 $8 | | 1 
Equal time ſubtr, 5 March 18th ap. noon 12 4 27 
the | ; | 
—— Equa. time add 8 4 
al. Mean noon, by waten 11 54 
A] | | —— — _ noon, by watch 12 12 31 
It ; | — — — 
S1s | 5 | | | 
* | II. By an obſervation of the Sun's altitude. 
1ſt, At a convenient time take the altitude of the Sun's upper or lower 
the limb, which correct for the ſemidiameter, dip, and refraction ; by which 
me, the correct zen. dift. of the Sun's center will be known. 
ean zd. At the time of the obſervation find the Ship's lat. and long. by 


account; (VIII. 69) and correct the Sun's deecl, for the day, by the diff. 

e: long. and time from noon ; and thereby get the true polar diſtance. 
t is zd. With the co-latit, polar-diſt. and zen. diſt, fiid the hour angle: 
TM, _Þ-_ =: | (V. x52) 
se- Vbich turned into time, ſhews the app. time when the obſer. was made. 


| III. By an obſervation of a Star's altitude, 


iſ, Correct the obſerved altitude by the dip and refraction, (55+) 
2d, Find the ſhip's latitude and longitude by account. (VIII. Co.) 
34. Seck the Star's decl. or polar diſt. and its right aſcenſion. (V. 312.) 
Ach. With the co-lat. polar diſt. and zen, diſt, find the hour angle. 


(V. 155.) 
X 2 5th. Apply 


n 
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it gives the right aſcenſion of the mid- heaven. 


mid-heaven is the apparent time of the obſervation. Rezulate the watch 
by the apparent time thus found. 


56* P. M. by my watch, the true alt. 4351670 N. long. 23* 30' E. at 5 161 
of the fur” 5 center was 944% the ſhip's] forenoon, the true alt. of the Sun's cen. 
lat. 51* 42' N. long. 33 W. Requir-|ter was found to be 29? 4 | how wat 


F 


5th, 3 the hour angle (in time) to the ſtar's right aſcenſion, and 


th. Find the Sun's right aſcenſion to the place and time. (V. if) 


Ith. The difference between the Sun's right aſcenſion and that of the 


The logarithmic work for the Sun in Art. 2d, or for the ſtar in Art, 
2d, may be performed by either of tie following les: 


Rl E I. Let the diff. between the co- lat. and polar diſt. be called p. D. 
Find the half ſum, and half diff. of the zen. diſt. and p. 
Then, To the ar. co. of the log. fines of the co- lat. and polar diſt. 
. Add the log. ſines of the ſaid half ſum and half diff. 
And Half the ſum of theſe four logs. is the log. ſine of f the 
| hour angle. 
Rur II Add together the co-alt. co- lat. and polar diſt. call the half 
| ſum A. 
Let the diff. between the half ſum A and co-alt, be called p. 
Then, To ar. co. of the log. fines of the co-lat. and polar diſ. 
Add the log. fines of A and b. 
And Half the N of theſe 4 logs. is the log. co- ſine of Z the 
| hour angle, 


| EXAMPLES. 
I. January 26, 1780, at 1 56 II. May 24th, 1780, being in lat. 


ed the error of the watch ?. the watch? 

Time by watch $* 6: 960 Time at the ſhip (May 23) 190 16300 
33%W. (V. 133.) 2 12 oo Long. 235 30 E. (V. 133) 1 34 00 
Eſtim. time at Grenw.(57)5 8 55 Eflim. time at Greenw. 17 42 30 


Sun's dec. Jan. 26th noon 185 43 24 Sun's dec. May 230. noon 200 4 45'22"N 
Decr.ofdecl.in 5*g/(V.281) 3 13 |Incr. of decl. in 176 42” + B 8 


Sun's decl. at ſhip 13 40 11S.| Sun's decl. at ſhip 20 53 30 N. 
Add | 9 0 o [Sun's polar diſtance 59 630 
Polar diſtance 108 40 11 Co. alt. 6056“ F 


Co-lat. 382 18'ar. co. log. fine o, 20770 Co. lat. 46 44 ar. co. log. ſine o, 13777 

Po. diſt. 108 40 ar. co. log. ſine 0 Po.dilt.69 6 ar. co. log. ſine 0,02956 
70 22 Sum 1780045 

Co. alt. 80 16 


Sum 88 23 log. fine 9, 99983 
2)150 38(75%19/log. fine 9.98558 Co. alt.60 56 8 
279 54 (4 57 log. ſine 3.93394 Diff. 27 27 log. fine 9.663 


2)19,15275| -- 2} 19,8308 
22 9 log. line 9,57638 34 36: log. co, fine 9,91542 


2 


44 18=2" 57 12” app. time. 
2 56 56 watch time. 


oO © 10 watch flow. 


69 13 36/5 2“ before noon, 


19 23 8 app. time. 
19 16 30 timebywatch, 
6 38watch tooſlow, 


1 e My 


/ 
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May 12th, 1780, at ſea, in latitude 299 In N. long. 95? 57 72 the true 
altitude of the lar Antares was found to be 14 5 / at  1' 5 by a watch > 
What was the error of that watch f 8 | | 
5 Rt. aſcen. Antares 16 15 5% 
Long. 95% W. (V. 133.) 60 200 20”, R. aſcen. Sun at noon 3 19 29 


Antares ſouth nearly 12 56 28 | | "Ss 
——— | | 

Sum (long. being W.) 19 16 48 gives iner. rt. aſc, ſubt. 3 10 

Antares on the meridian at 12 53 18 

Antares Zen. diſt, 75* 9” | | 


Polar diſt. 115 56 Ar. co. log. fin. 0,04609 
Co. latit. 60 49 Ar. co. log. fin. o, o5 895 
Sum $0103 | 
1 : | ol 
l. Haff . log. ſine 9, 90832 
Zenith. diſt. 95 7 . | Wo 
he Difference 50 49 log. fine 9.88937 
2) 19, 90273 
at, | ee 37 log. co. ſine 9,95136 
* | | 2 | 5 | | | 
E 53 14=(V. 133.) 3* 32" 56” ſtar ſhort of meridian, 
| 12 53 18 ſtar on the meridian, 
F 9 20 18 app. time. 
4 4 | 9 1 5 time by watch. 
IN, oe | | 19 17 watch too flow. 


_ SECTION MK. 
59. To find the Latitude at Sea. 


Find the meridian altitude or zenith diſtance of the Sun or Star by 
Article 37, or 44, or 45, or 48, 49, _ 

1 hs — for > of the horizon, the refraction in 
rt. 52, 53, 55, and ſemi-diameter, if the object be the ſun. 

deek the Sun's or Star's declination in the tables at Art. 309, 312, 
Book V.; or in the Nautical Almanack, obſerving to correct the Sun's 
decl. for places more than 80 or 10% to the E. or W. of London, as at 
Art, 31, Book VH. 

In latitudes near the poles, when the Sun's declination exceeds the co- 
latitude, the Sun does not then ſet; and therefore two altitudes may be 
taken on the meridian ; the leaſt of which is called the altitude below the 
pole. The ſame may be underſtood of any other celeſtial object, which 


ioes not ſet, 
0 X 3 ² 0 Let 
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Let the declination and the altitude, or zenith diſtance, be always 
nan ed either gorth or touth, according to the ſeaſon of the year, and the 
ſituacion of the cbj< ; and when it ſo happens that either of thei is no. 


thing, it may then be named either north or ſouth at pleaſure. 


Theſe remarks being premiſed, all the varities of working a meridian 
obſervation for the latitude are contained in the ſolution of the followino 
Problem; 5 ip os 


| PROBLEM LE 
The declination of the Sun or a Star, and alſ its correct meridian alt. 
tude, or zenith diſtance being known ; to find the latitude of the place of dl. 
ſe vati 9. » 5 e | | 


WHEN THE OBJECT RISES AND SETS. 


60, CASE I. If the Zen. diſt. and decl. have the ſame name. 


RuLE. Their difference ſhews the latitude required. 
Like the declination, when it is greater than the zenith diſtance ; but 
unlike, when it is leſs. | | 


61. CASE II. If the zen. difl, and decl. have contrary names. 
RuLE, Their ſum fhews the latitude required. | 


And is always like the declination. „ | 
When altitudes are given, take them from 9oe for zenith diflanccs, 


62. WIXVN THE OBJECT DOES NOT SET. 


Tf the greateſt meridian allituue er zenith diflance can be taken, the pre 
ceding rules w:'t ſerve; but when the leaſt, or that below the pole, can oi 
e taten then | | 


RLE. To the meridian altitude below the pole, add the co-decling- 
tion, the ſum ſhews the latitude, of the ſaine name with the declination. 


The demonſtrations of theſe rules will be ſhewn in the Appendix. 


Exam, I. The Sun's meridional] Exam. II. When the Sun entered 

zenith diſtance was obſerved to be 48%|the ſign Libra, his merician altitude 

200 ſoutherly, when he entered the fign|was obſerved ts be 53® 3% in the north: 
Aries: Required the lat. of the place? What is the latitude of that place? 


The zenith diſtance 48% 20'S. The co-alt. or zen. diſt 360 28'N, 1 

| Declination OO oo 8. Declination CO OO 8. * 
Lat. ſought 48 20 N. (60) Lat. ſought 36 28 8. (61) "I 

| enn | og 


EXAM. 


X. Book IX. 
"ys ExAM. III. At ſea the Sun was} 
te dferved in the zenith, when his decli- 


vation was 22 10” N. Fhat is the 
latitude of that place 4 


The zenith diſtance coe oN. 
Declination 22 10 N. 
Lat, ſought 22 10 N.(60) 


Exam. V. The Sun was obſerved 


. 1 be 47 25“ diſtant from the zenith 
tbe 42 5 
in the ſouth, when his declination was 
14 180 S. e What is the lat. of the 
place of obſervation x = 
The zenith diſtance 47 25'S. 
Declination 14 18 S. 
Lat. fought 33 07 N. (60) 
but „ 


Exam, VII. Ihen the Sun's de- 
ination was 235 09“ S. his meridian 
zenith diſtance was obſerved to be 8® 
25 8, : Required the latitude of the 
| place, 


The zenith diſtance $® 2 3 
Deciination 23 09 8. 

| Lat. ſought 15 44 8. (60) 
ri eee | 
1 | | 

Fxam. IX. The Sun's meridian 
zenith diſtance was obſerved to be 320 
120 5) 8, when his declination was 100 
* 3 Me IWhat is the latitude of the 

place | 

The zenith diſtance 322 57'S. 
vol | Declination 10 38 N. 
- Lat. ſought 43 35 N. (61) 
* | 


Exam. XI. Obſerved the meri- 
tan altitude of the flar Arfturus to, 
be 61 14/ S. Required the latitude. 


61) Mer. zen. diſt, 280 46'S. 
Arct. dechn, 20 26N.(V.312) 
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Exam. IV. The Sun's merid. Ze- 
nith diſlance was obſerved 21* 08 S. 


when his decl. was the ſame : Required 


the latitude of the Place of obſervation, 
The zenith diſtance 21208 8. 


Declip ation 21 08 8. 
Lat. ſought 00 O2 S. (60) 


— . 


Ex AM. VI. The Sun's meridian 


altitude was obſerved to be 54 27' 


north, when his declination was 1 + 
north: Required the latitude of the 


place, 


The co-alt. or zen. dift, 350 33 N. 
Declination 19 57 N. 
15 36 S. (60) 


—_— — — 


Lat. ſought 


Ex AM. VIII. The Sun having 235 
11“ N. declination, his meridian alti- 
tude was found to be 79 2% N.. 
That is the latitude of the place of 
sbjſervatiin® = _ 


The co-alt, or zen, diſt. 109 37' N. 
Declination 24 11 N. 


— — 


12 34 N. (60) 


Lat. ſought 


* 


Ex AM. X. Suppoſe the meridian 
altitude of the Sun was obſerved to be 
48* 14” N. when his decl. was 199 
38“ S. + Required the latitude of the 


place. 
| Che co-alt. or zen. diſt. 41 46*N, 
Declination 17 38- 8. 
Lat. ſought. 59 24 8. (61) 


Exam. XII. The altitude of the 
StarSyrius, when on the meridian, was 
24 32/ 8, Required the latitude. 
Mer. zen. diſt, 65 28“ 8. 

Syrius's declin, 16 25 S. (V. 312) 


49 03 N. 


Lat. required 


X 4 63- Examples 


\ | * 


ers WORKS.: Nan 


63. Examples, wherein the foregoing Corrections are 
8 introduced. 5 


I. By a obſervation, the alt- II. By a back obſervation, uit“ 
tude ef the Sun's lower edge was feund,| Hadlty's quadrant, the apparent ali. 
ty a Had, quadrant, to be 40 20'S. |tude of the Sun's lower edge was 16 
when the declination was e 59 N.|12' S. when the declination was 21 
tbe eye being 20 feet above the horizon <\14/ S. and the eye 30 feet above th 
Required the latitude of that place. | horizon : In what latitude was that 

5 — made 9 | 5 


Apparent alt. © lower edge 40 20'S. Apparent alt. © lower edge 250 1278. 
Semidiameter. Add o 16 |]Semidiameter, Subtract 0 16 
Apparent altitude © center 40 36 Apparent altitude © center 24. 56 
Dip. of the horiz. Subtract o 4 Dip of the horizon. „„ 


— — — Dp. 
App. alt. cor. by the dip. 40 32 App. alt. cor. by the dip 25 01 
Refraction. Subtract 1 [Re ration, Subtract 8 gelte 
| 7 | | e 
True altitude © center 40 31 [True altitude © center 24 59 . 
ö — — ñ— | — — ſ 
True zenith diſtance 49 29 8. True zenith diſtance 65 18. ; 
Declination . | 9 56 N. Decl:nation 21 148. Zenit 


— — —.t i — —— 


Latitude (61) 29-23 N. Latitude (60) 5 


i 2 
— — — : —_— — — 


| x T 
UI. Suptoſe an obſerver, _ eye] IV. In a ſhip where the eye of the _ 
25 35 feet above the water, ſhould find objerver is 25 feet above the horizon, = 


the meridian altitude of Sirius to be|ſuj; ofe the meridian altitude of Arfu- | 5 
53 35“ S. by the fore obſervation il, ſhould be found C1 21'S. by a back Por 
a Hadley's quadrant : Required the obſervation with Hadley's quadrant: 
Iatitude of the place of obſervation. | What latitude was that ſhip in? 


| | T 

Apparent alt. of Sirius 5335 O“ 8. Appar. alt. of Arcturus 61“ o“. te 

Dip. of the horiz. Subt. 5 40 — take 

——— Apparent zenith diſt, 28 39 o by t 

Appar. alt. above hor, 53 29 40 Dip of the horiz. Add 4 46 [ 

Re fraction. Subtract oO O 40 Er | | vals 

| ——— Zen. diſt. clear of the dip 28 43 46 te 
True altitude oi Sirius 53 29 00 ERefraction. Add o © 30 

| | — — 64. 

True zenith diſtance 36 31 00 8. True zenith diſtance 28 44 168. of 

Sirius's decl. (V. 312) 16 25 08 S. |ArQurus's decl. (V.312) 20 29 15 N. Ss 

Latitude (60) 20 5 52 N. Latitude (617 49 12 3i N. ( 


5 V. May 


67 30 E. of London, and the eye 18 
. ige the meridian altitude of the 
W's ſaver limb was 26* 12'N, by a 
ye ober vation: Required the ſpip's 
latitudes | 

Ship's time 24 O00 P. M. May 25. 
Lon. 67 30 E. 4 30 E. 


d. time 19 30 P. M. 65 30 X 3. 
2 25, Odecl. 2 16019“ N. diff. 1018” 


; Incr. of decl. 8 2 (V. 285) 
Þ At the ſhip 21 14 31 N. decl. 


App. alt. © lower limb 26127 
demi-diameter + 16 | 


v, May 25, 1780, in longitude| 


| 
| 
| 
| 
| 
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VI. June 12th, 1780, in a high 
northern latitude, 83%, . of London, 


and the eye 20 feet high, the meridian 
altitude of the Sun's lower limb belno 


the pole, 70 87 15 N by a fore 6 
ſervation : Required the latitude. 


Ship's time 12h on p. M. 
Long. 83 W. 5 40 W. 


: ' 
— —e— Doonan — —ÿ 


Lond. time 17 40 P. M. 425 4. 
June 12, decl. 23 13 17 N. diff, 3 16. 
Incr. of decl. a2 ·ĩ˙ 


At the ſhip 23 15 45 N. declin. 


App. alt. O lower limb 80 157 N. 


App. alt. O center 26 28 
D:p. on 18 feet — 4 

26 24 00 
Refraction — 133 
True alt. O center 26 22 05 
Zenith diſt. 6z3 37 55N. 
Declination 21 14 31 N. 

8 lande. 432 23 248. 


Scmidiameter 4. 16 
App. alt, O center 8 31 
Dip. on 20 feet | =: 

i — — 

| 8 27 

Re fraction * 6 18 
True alt. O center 8 20 42 N. 
© co-declination 66 44 15 N. 
R 77 1 N. 


— 


This method of finding the latitude from the meridian altitude of a 


f f 
4 that is not always the caſe at fea, the Problems in Section VI. Book V. 
5 Lore introduced to ſupply the defect; from whence it has been judged 
+ booper to deduce ſome of the following moſt practical methods. 
8 | 
PREPARATION. 
Take one, two, or more altitudes of the Sun in the forenoon, noting 
8. the time of each by a watch: if the meridian altitude cannot be obtained, | 
take one, two, or more altitudes in the afternoon, noting alſo the times 
by tne watch. <p | | 5 | 
Let the morning altitudes, if there are three, be taken at equal inter- 
mls of time, if poſſible ; if not, let the afternoon obſervations be taken at 
fie ſame altitudes with the morning ones. 
= PROBLEM II. 
? When three zenith diflances between the limits of 30 and 70 are talen 


ecleſtial c5je&t is the moſt eaſy, when it can be put in practice: but as 


uithin an hour of noon, at equal intervals of time between 15 and 30 minntes. 
= Case I. If the firſt and third zenith diſtances are equal: 


RULE, The middle one is the meridian zenith dultance. 


* 


Ex AM- 


8 
. 
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EXAMPLE. On a day when the Sun's declination was 180 34%. * 
time near nom his zenith diſtance was found to be 32 29'S. ; and 22 m 
nates after, the zenith di/Yance was 32 11/ : and 22 minutes afterwar(; jj, 
zenith diffance was 32? 29“. Required the latitude of that place, 


Here are equal zenith diſtances, at equal intervals of time from the 
middle obſervation ; which therefore is a meridian obſervation. 


Then 329 11/S. +18? 34/N.=50* 45 N. the latitude. (61) 


(65) Case II. If the two firſt, or two laſt, zenith diſtances are equa) 
that on the meridian falls between thoſe equal ones. : 


'RuLe. From one of the equal zenith diſtances, take one eighth part 
of the difference between it and the greater zenith diſtance ; and the te. 
mainder is that on the meridian, Ts | | 


ExAameLE. Within an hour of noon, and at intervals of 22 minutes by q 
zwatch, the following zenith diſtances were obſerved, viz. II. 325 5033 
2d. 32 152“; 34. 32* 157” + Required the meridian zenith diflance, 

0 / g < 0 | 
= * — F diff. 35,1” 3 its; =4,8'; then 32* 15,5 —4.8 = 32 10% 
The meridian zenith diſtance is 32® 11/, 


(66) Case Ill. When the three zenith diſtances are all unequal : | 


If the two firſt are aſcending, or two laſt deſcending, then noon falls in 
that interval whoſe two zenith diſtances are neareſt to equality. 


. | 17 
RULE. Let the difference between the greateſt and middle be called a, 1: 
the difference between the firſt and laſt be called 3. 
the difference between B and four times A be called c, i, 
| the difference between B and be called p. 54 
Then c multiplied by itſelf, and the product divided by four times D, 
the quotient is a number of minutes, which ſubtract from the greateſt 5e 


zenith diſtance leaves the meridian zenith diſtance. 


Exam, I. In north latitude, the Suw was thrice obſerved near nom, when 
the zenith diſtance and times by a watch were as follow * | | 


IR. ft 11h. 27m. the zenith diſtance S 320 510 
whe 4 11h. 5 In. the zenith diſtance= 32 Lids 

34. 12h. 1572. the zenith diſtance 32 19. 
Required the meridian zenith diſtance. 


Zenith diſtance, 1ſt. 325 517 bo 4 | 
| 2d. 32 14 | A=37 | 4A—B =148--32=116=c. 
| 3d. 32 19 [B=32| C—k=LI6—32= 84=D. 
116x116 - | | 


And . the cor rection. 


Then 32 51/40 32 11 is the meridian zenith diſtance, 


EX AN. 
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ſome Exam. II. In north latitude, three obſervations were made of the Sun 
mi. war nan, at equal intervals of time, viz, | 
the if, At 11h. 2m. the zenith di tos was 34 1 = 
115.20 ĩ | „ 

11%. 38 * 2 209, 
te Required the meridian zenith diſtance. 
6 * A262 B=IO2 3 C=146; D={t- 
= And - 146 x 146 =121'=2? 1', the correction. 


ua] 445 8 + p | 12 «a 
ö Then 34˙11/—29⁰1 232 10% is the meridian zenith diſtance. 


Exam. III. In the torrid zone, the Sun having 19 48 S. decl., three 


part er vations were taken at equal intervals of time, near noon, dix. 
re- % 10). 56m. fbe zen. diſt, was 36 41 . 
11 22 34 26 Required the latitude. 
| 11 48 33 I6 | 
IT Here a =2® 150 81357 B=3* 25/=205';z C=335z D=130 3 


Fw And c*=112225; 40 520. Then 25 2=216'=P 30. 


And 36* 41 — 3630 05/, the meridian zenith diſtance. 

Then 33* 05'—192 48/2 13˙ 170 N. the latitude ſought. (60.) 

Exam. IV. In a low north latitude, the Sun having 14 24'S. declina- 
tim; when the watch ſhewed 11h, 4m 125, 20m., and 12h. 58m., the 


Sun's zenith diſtances were 43' 195 43* 237, and 45 19), Oy. 
Required the latitude, 


11h. 42m, zen. diſt. 439 ͤũg ) B= 2 0'=120.. 
12 20 43 "1 15 I 56 2116. 4A 464. 
» 58 45 19 26 
B, | . D= So 4D=896. 
\ 21, C 344 55073120 Greateſt zenith diſtance 45 107 
D, L 4D ſubtr. 899 25952310 Take the correction 2 12 
L, correction 132 2,1 2081| Meridian Zenith diſtance 48 78. 
NOR — — Declination — 24 8. 
Latitude (60) 28 43N. 
b7, PFROBLEM ME 


within an hour and a half of noon, at unequal intervals of time, 

RuLs iſt. Let the difference in minutes between the greateſt and 
middle zenith diſtances be called A; and the interval of time called a: 
the difference between the firſt and laſt zenith diſtances be called B: and 
the correſponding interval of time called b:. 

* Let the difference between the products of A by b and B by a be 
ken. 
From the logarithm of this difference take the logarithm of b, there 


mains a logarithm, which call x. 
. ; 3d, Add 


8 : | : 


hen three zenith 4 i/ſtances, between the limits of 300 and 700 are taken 


— — — 
. a 


| 
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3d. Add together the logarithm of N. | 
twice the log. of the diff. between a and 23, 
Ar co. log. of the diff. between à and 6, 
Ar co. logarithm of a. 
Their ſum gives a logarithm, which call M. 
4th. Seek the numbers to x, M, 7B; their ſum gives E. 
From four times E take , remains c; and B taken from c, leaves b. 
And the logarithm of four times p ken from twice the logarithm of e 
gives the logarithm of the correction in minutes. 
5th. Then the greateſt zenith diſtance leſſened by the correction, gives 
the meridian zenith diſtance. 
Exam. I. Three obſervations being made of the $ un, at a place in nil 
as viz, at 10h, 40m. the zenith diſtance was 35* 530 * 


4 9 | was 33 44) 
+ $2. 1 Was 32 14 
How much was the Sun's meridian zenith diflance ? 3 
Ich. 40m. zen. diſt. 35 53/ 
119 a=29m. 33 45 1A 128,5 41 5 
11 51 . 32 14 1209 a bag 


128,5 71 = (AN = -)9123,5,219 * 29=(B x a=)6351;thedift. «327725 


Logarithm dift.=2772,5 $3,44287|;B = 10gz5 

Loghrithm 6= 71 1851260 N] = 39,5 
Logarithm „„ 1,59161]| Xo OL 

Twice log. ay (= 6,5 1.62583 8 = 150, z and 4£=601,2 

Ar. co. log. a G b= 42 8,37075| B = 219 | 

Ar. co. log. a = 29 8.53700] C = 382,2 

Logarithm M= 1,3 0,3179 D = 163,2 and 4D==652,8 

Twice log. c= 382,2 5710458 Greateſt zenith diſtance 35* 5) 

Logarithm 4p= 552,8 2,8 1478 Correction 223= 3 43 
Log. correction = 223 - 234980 Merid. zenith diſtance "228 0 


Exam. II. To the northward of the tropic of Cancer, when the Sun's de. 
clination was 14 24'S. ; at the times 11h, 42m., 12h. 26m. „ 125. Sn, 
fhewn by a watch, the Sun's zenith diſtances were 43˙ 19', 43? 33 » 45 19, 
reſpettively : Required the latitude, 


I Ih. 42m. I xt. zen. diſt. 43 12/ 
12 26 þ=76m. . B 12084 19 6 
12 58 1•⸗³ 3d. 45 19 L a=106 an b=th 
A xb=106 x76=8056 n 3840 diff. of prod. 4216. 
L 4216 3,6249028 = 
1, 76 1,8 8081 1 ** == > 5 
LN | $525 1574409] M= __ 14 
2, 42 1b 5 1.55630 E 115,9 and 3 
1 44 68., 3565 5 B 120 
172 32 8, 49485 © = 247,6 
_L,M 1,4 O,15179 D = 227 6, and 45 82910, 4 
21 0 ode Greateſt — diſtance 45 19 
"L34D + 33 Correction 133 2 13 
| ; „ Merid. h d a 6 8. 
x, correction 132,7 2, 12293 — diſtance 14 2145 14 8 
| Latitude | 28 28 AN. 
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When three altitudes are taken at equal intervals ＋＋ time, at any diſtance 
n non See Book V. Artitle 202. 

RuLE 1ſt. Seek the natural ſines of the three given altitudes. (V. 185) 

Call the difference between the firſt and third altitudes, Do; between 
the ſecond and third, F. 

Put E for the ſum of D and twice r, when the degrees in the third alti- 
dude fall between thoſe of the firſt and ſecond; otherwiſe put E for the 
ägerence between D and twice F. 

2d. Add together the log. co-tang. of half one interval of time (in deg.) 

the log. of E, and the ar. co- log. of D (each in numbers 

Their ſum is the logarithmic tangent of an angle A; or of its ſupplement, if 
1 WH te firſt altitude exceeds the third: convert the angle A into time. (V. 133) 

To A add one interval; then the difference between this ſum and fix 
hours will ſhew the time from noon, when the laſt obſervation was made. 
Hence, by the intervals, the other times are known relative to the noon 
ef the place of obſervation, 
zu. Add together the ar. co. log, co-fine of a. 
the ar. co. log. ſine of one interval obſerved, 
ö and the log. of D, their ſum is the log. of a number B. 
4th. To the logarithm of B add twice the logarithmic fine of half the 
25 {aſt time from noon ; ſeek the number, and add it to the natural ſine of 
; the greateſt altitude, the ſum is the natural fine of the meridian altitude. 
5th, The number 8 leſſened by the natural fine of the meridian altitude, 
gives the natural fine of the midnight depreſſion. 

Then the half ſum, and the half difference, being taken, of the degrees 
and minutes anſwering to the fines of the meridian aititude and midnight 
epreſſion, give the co-latitude and declination, (V. 185) 

If the zenith falls between the equator and the Sun, the half ſum is the 


53 co-declination, and the half difference is the latitude. 
43 Exam. I. Between the tropics, the Sun's altitude was obſerved fee time 
Ty in the forenoon, to be 73 22; after waiting 26 minutes, its altitude was 


FA 785 50”, and 26 minutes after, its altitude Was 82 55 Reguired the lati- 


N tude of that place. 


95 73 ir, nat, line _— (See Book V. note to art. 185. ) 

| - 03427 = d Þ and 0¹ 161 = 73 
73 50 298 bo —— 1 | | 

6 8 501130 = F | alſo 26 200 
a 55 2 * 

Hh : 99 37 502260 =2F | its half 3 

. Lf * 1 | 11,2477] Lei S0 30' o, 78239 
LE = ©0,01161 | 8.00433] ©5640 0.94614 
1. = 0,03421 1,46524] 1, 0,034z1 | 8, 53416 
© tt. ET 1,8 1,8310 10, 26269 

30 ; | 10,77 * 1 300 (===) 6.33584 


Or A= 5 hours 22 minutes, I 


Now 5 h 22 m. +26 m.=5h. 48 m. IN 7.09853 
Iden 6 h. — 5 h. 48 m. o h. 12 m. „ 
o the greater alt was at 11 h. 48 m. Mer. alt. 993. nat. fine 8 30 32's 

. the middle at 11 22 Mid. dep. 0,8374 == nat. fine 56 52. 

. the leatt at 10 56 half ſum = 70 12“ the co-declinat. 

. half diff, = 13 20 the latitude. 

; EXAM 
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Exam. II. In the north temperate zone, the Sun having ſouth declinathy 


Book 


. g | | va # 1 X. 
Bis altitude was obſerved to be 8 372“; and 66 minutes afterwards, hi; 4 f 
> 0 p . r ; dl. nation 
titude was 13 5147; and 66 minutes after that, his altitude was 16? w fer, 
Required the latitude. De | -_ 115 
e — 
At ſome time, alt. 8 374“ nat. ſine , 14997 Foren 
r „ 138% 5. Fin 
66 m. r 2395517 — : od in 
1 | =p s 504559 = F. 
- 2 = 2 =, 918 & E = ,0439,, | 
66 m. = 16? 3o', And bh.—1h. 6m. = 4h. 54 m. Now 
10, 83865 1. 4 65® 6 0,390 
LE = 0,04398 8,4325 Ly, 16 30 04 
L,D = O,13517 | 0,8091 3 L,D O,13517 9.1308) 
| _ PP 151693 10,067 | 
1, t, A= 65 59 10535 103 ar. | 3452 Ye . 
| | | ” 0,005,024 7,706 * 
Or a= 4 b. 23 m. 56 f. | | Greater alt, | 4 FOO And 
Now 4h. 2 3m. 561i. + 1h. 6m.==5. 29. 56. 1 | : the 3 
And 6h.—5h. 29m. 56 —oh. 30m. 4ſ. merid. alt. , 29016 = 169 ;2 2 
11 2 6 at laſt al $4 - dep. 0,8792 =61 3 1 
9 50 at laſt alt. V 33 
6 mid. alt the ſum == 397 124 the co-laiitule 
10 23 56 mid. alt. be 3 
9 17 36 leaſt alt. the 2 diff. = 22 202 the declination, 
| Ex All. III. In a high north latitude, and the Sun to the eaſtward of thi 0 
meridian, his altitude was obſerved to be 41 B53“; and 2 h. 16 m. after, hi ö 
altitude wan 50232; and 2h. 16 m. after that, his altitude, was again 
obſerved 10 be 445 54 : Required the latitude. | | ” R 
In the forenoon, alt. 41* 537 fine „66762 | 
3ſt interval 2 h. 16 m. 34 © 50³ 232 577042 F HY 503825 = 
24 interval 2 h. 16 m. "44 „„ 70557 * 8085 * 
Fg: : _ | 2F = ,12910 i 
Here as the 3d. altit. falls between Iſt. and 2d; D+2F=E=,16735 ; 
Now I,, 17709 10,51466| 1,4 86% 1,15042 Wl los. 
LR S073; - 92 362 Lo 5, 34 © re 6,25244 1 
ED oe;  - 1,41737; LD 0,03825 8,5 826; of! 
L,B 0, 98060 | 14 | 
„. 86% 0 11,5565 w 2h. x cake 5 
And 86. 5 h. 44 m. | 2L,5, 15? (==) 8,82599 fall 
5h. 44 m. +2 h. 16 m.=8 h. o m. ek 7 
8$h.—6 h,==2 h. à noon at 3d. alt. n * 5 
1K. altitude at gh. 28m, | 70587, fine zd altitude. der 
2d. altitude at 11 44 50 30" 77156, ſine merid, altitude. ＋ 
3d. altitude at 2 © | | 98060, number . | 
| | 12 4 „20904, fine of mid. deprel, 227 


Hence the latitude is 585 43/ N.; and declination 19* 13' N. 
I 1 | Exau. 


-- 
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ExAM. IV. In a bw northern latitude, and the Sun having ſouth decli- 

Bf; un, bis altitude was obſerved in N to be 61 47; and 2h. 3e n. 

4 ftr, his altitude ꝛbas 64 292 and 2b. 3om, after, his altitude was 36˙ 54“ 
Required the latitude. „ | 


forenooen „ Alt. 51 47, ſine, 881177 
i interval 2 h. 30 m. 7“ 300 64 292 590249 'X D = 429215 
od interval 2h. 30 m. „ 1 31 „„ . 
| h 2F = ,02694 
| — 2F—DSE=4,33479 
Now La 8 45. 10,4622] Ls, 73% 300 , 54666 
L,E 0.33579 9.52477] Li, 37 30 - ©,21555 
V, b, 29215 0,5 3439] ,o , 29215 9,46501 
3 W 10, 22782 
Lyty A ry” 30 10,5 2838 21, 279% 9731409 
Anda = 7 h. OM. 4 
B NP: 30 m. 9 9.54191 
36 m. —6 h. z h. 36m. — ; 
EH, JE 2 
5 2d. I 6 FP. M. = „„ : 
33 il. 10 3 A. N. 48* 48 75 24, fine mid. depreſſion. 
"he : | Hence latitude 30 48” N. 
on, ; | | Declination 10 24 N. 
14 | EIS | 
ain When three altitudes are taken at unequal intervals of time +. 
RuLE fſt. Let the interval between the 1ſt and 3d times be called M, 
between the 1ſt and 2d my 
2x —_ | between the 2d and 3d 7 
and let the times M, n, u, be converted into degrees. (V. 33) 
55 Seek the natural fines of the three obſerved altitudes. (IV. 256) 
on And let the difference between the iſt and 3d be called p, | 
10 | between the 2d and 3d „ 
«bs 2d. Add together the log. fines of x m and 2 1, gives the log. of 3 A. 
35 3d. To the log. co- ſine of 5 m add the log. fine of 2 u, the ſum is the 
4 log. of Z B. 2 | | 
= 4th, Add together the ar. co. log. of D, the log, of F, and the log. ſine 
— of } M, the ſum is log. of 2 c. | „ „ 
40 Take the difference between the numbers Z B and 2 c, call it Z E. 
99 Or let Z E be the ſum of F Band 2 c, when the degrees in the 3d altitude 
150 fall between thoſe of the Iſt and 2d altitudes. 5 
48 ith. From the logarithm of r E take the logarithm of 2 A, the remain- 
Ger (10 being added to the index) is the logarithmic tangent of an arc 
. G; or of its ſupplement, when the firſt altitude exceeds the ſecond, 
. ̃ —-kt[ 
* See Book IV. 256. + See Book V. Article 200. 
vl, | | Take 
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Take the difference between 6 and the" complement of 1 u, the i. 
mainder is an arc h, ſhewing the time from noon when the lat alia 
was taken. Hence the other times are known. | 

th. Add together the ar. co. log. co-fine of G, 
| the ar. co. log. ſine of + M, | | 
_ the_log of b, their ſum is the log, of a num. 
5 er 1. : RE 
=th, To log. of 1 add twice the log. fine of 2 H, the ſum is the log, 
of K. | | 

8th. The number & added to the natural fine of the third altitude git 
the natural ſine of the meridian altitude. 

And the number 1 leſſened by the natural ſine of the meridian altitude 
gives the natural fine of the midnight depreſſion, . ö 

The half ſum and half difference of the degrees ſnewing the meridia 
altitude and midnight depreſſion, will give the co-latitude and decling. 
tion; or co-declination and latitude, when the zenith falls between the 


Sun and the equator. | | 1 (V. 185 Ine 
Exam. I. In nerth latitude, the Sun having fouth declination ; at 85. _— 


40m, 10 h. Co m. and 11h. 48 m. by a watch, the altitudes 25 the Sun wer, 
30 41 45 37% and 56* 44, reſpectively: Required the latitude, 


M 3b. 8 m. 47 | iſt alt. 30414“ nat. ſine o, 51037 | 

_— F320 12d . =45 275 0,7 1474 | D=0,32578 E 
— ©=27 13d =50 44 o, 83615 F =0,12141 eſſe 
| : | | | of tt 

Lim 100 © 9,23967|Here Ip—!1c=tE, = 7 
Kb 13 30 9,368 18 And log 2E—log. Z A =, f, G. * 
m— A 12h.— 12 m. 11 h. 48 m. tr * 
LyZA o, 04054 38. 60785 time of the laſt altitude. n= 
. the watch ſhewed true time. a 


10 jo 9.993350 1 63 30 0,35047 151 
Lis 1399 9,30818] „, u 23 30 o, 39030 | 
| —— L,D 0,32578 _ 9,5 1293 LS 
„s , 22990 9.361530 | — 
e e — 1.1 0631126, 10, 26270 bs, 
L, D o, 32578 o, 48707 21, , 2H * 300 6,83584 151 
L,F o, 12141 9.08425 5 | . — 
nun 23% 30 9.67 L, x o, 0 125 709854 Wl :.:: 
— o, 836 15 ſine 30. alt, 
Lic 0, 14860 9,17202 — | 15 
| ? — — 56 52“ 0,8374 ſine mer, alt. Ir 
1.2 R o, o8 130 8,91009 | — 11 
14, ( 63 30 10, 30224] 83 34“ 0,99370==ſine mid, dep. 
— — Hence latit. 13% 21 N. 11 
66 30 gcompl. of 2 M. Declination $19 47 8. ; 
— _— — : f | Try 
H = 3 o=0oh. 12 m. à noon. | 


Ex AM. II. The Sun's altitude was 160 34/; and 50 minutes after, the 
altitude was 14 16' ; and 82 minutes after the altitude was 8* 371“: Rt 
quired the latitude. | | 

| hs 


ox IX. | 
e. U- Zh. 12m. 335 oi ſt. alt. 16 34/ nat. ſin. 0,8514 | | 
WY ,,-o 50 =12 30 fd. =14 16 0,2.5486 | ata 
121 22 20 303d. = 8 372 _. 0,14997) r, 10489 
*** 1 9,3690 lere Lc—IB—LE. 
7, 10 15 9,25028|And Lt, of ſupplement of c. | 
m. 5 7” | Alſo zh. 42m. is time at zd. altitude, 
| 1, cons | 8,28718 1 20 at 2d. altitude, 
00 * — c 1 - at 3d, altitude. 
; im 08 9.99741] % 1149 & o, 39069 
15 1 Bt 9725028 L, zu 16 30 0, 5 4666 
8 5 | _ — : LD 0, 13517 9,13089 
38 Ol 9.24709 | — 
te, by” HEE. 3 LI | I,170@7 10,00824. 
: 5 o, 8691102175 20? 15” 9,0784 
Lal _ ©,1 0439 9,0207 3 ve n. 
Nas LEM 169 30” 9,45334| L, k O,14017 9,1460g 
the 2 0,22038 934318 0,14997==ſine of zd. alt. 
5.) 71 — | K X 4 5 : 
11k 0,04349 8,63839 i69 52' ,29014=line merid. alt. 
1 %%% 10.35121 


73 3o==compl. of 2 M. 
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61 38 „87993 = fine mid, depr. 


Hence lat. 50% 45” N. Decl. 22 23 8. 


Hz=40 30=2h. 42m. a noon. | 


513 Exam, III. Some time in May, and in a high northern latitude, three ſuc- 


14 eſſue altitudes F the Sun were, 41" 53', 507%, 44 54% ; the intervals 
of time being 2 h. 2 m. and 2 h. Zom.: Required the latitude. | 


the n=2 2 =30 30|2d. =50 7x 0,70743 


D=0,03827 
1=2 30 237 30 zd. =44 543 070589 


u=4þ. 32m. 68 01ſt. alt. 41 53“ nat. fin. o, 66762 ö | 
5 r =O,001 54. 


Vol. II. 


uin 15% 1 9.42001 Here 0 BE. 
115 18 9.50% 100 Alſo 2h. om. S time at 3d. altitude 
| | — 11 30 == time at 2d, altitude 
2 0, 0845 5 8.92711 9 28 = time at iſt. altitude 
„n 15 15 | 998443] % 869 © 1,15642 
152 18 »C07 10] i 34 ©-- o, 25 244 
2 75 4. | 3 0, o3827 8,5 8286 
15 , 31012 9,49153 — 
—— —ů—ů H cy 9599172 
ID 5,3827 1.41714 z, h 15 O 3 
uu 34 O 9.74756] U, x o, o6572 8.81771 
e o, 89921 9,95 386 _ ©,70589==line of zd. alt. 
ne 15 20933 | 10,08254 50? 30 0,77 161 ſine merid. alt. 
140 869 ef 11,15543]i2 6 o, 2095 1 Sine mid-n. depr. 
56 0 =compl. of 2 u. Hence lat.=5; 89 42/N. 
a. | - Declinat. =19 12 N. 
| H==30 © ah. from noon. | | 


1 Exam, 


— * 2 
= og ) GS a — art 
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6060 29Y, 36 54 taken at intervals 
the time of the day, and the latitude. 
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Exam. IV. Suppoſe threeſ ucceſſroe altitudes of the Sun Were, 610 
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of 2h. 14m, and 2h, 46m. : Reguirel 


=5h. om.=75* o“) iſt. alt, =61* 47/nat, ſin. o, 88 117) 
mi=2 I4 2133 30 fad. =66 305 50, 91726 — 
1=2 46 S411 30 J 3d. =36 54 o, 58902 F 0, 32824 
* 1% 16* 45 9,45969| Here 20-4 Br E. 
— 154n 20 45 9549360 And 6G is a ſupplement. | 
| — Alſo zh. 36m. time at 3d. alt. 
Lia o, 10211 9,00905 12 50 De time at 24. alt, 
n ee ———ů— 10 36 DS time at iſt. alt. 
Lan 16 45 9,98 117 r 106? 30" 0,54666 
Lo,2z 20 45 9,54936| ] 37 30 „21555 
——— 1. D 0, 29215 9,40501 
Loy B 0,33920 9.53053 h CE 
—_—_—— — . 1.68969 10, 22782 
L'D, 0,29215 o, 5 343921, 1 27% of 9,5 1409 
L, F o, 32824 9,5 1619 — 
1. 1 37* 307 978445 T. & , 34825 9,5441 
140 | o, 68 396 9.83503 | | 0,5 8902 =ſine of the 3d alt, 
— — | 2 ee | : gl 
1. de o, 34470 9,5 3744/69 36“ o, 93727 fine merid. alt. Ja 
uhte * 1069 30. 10, 52839 48 48 0,75 242 ſine mid. depr, 9 
52 zo com. of 2 M. Hence latitude = 300 48 N. 
——— Declination = 10 24 N. | 
H=54 o==3h. 36m. a noon. | | | | 
| ( 


70. „ | 
Given two altitudes of the Sun, the interval of time between the two olfer- te 
vations, the Sun's declination, and the latitude by dead reckoning ; to fni 
the true latitude, | | | 
SOLUTION. 


1ſt. Convert the interval of time into degrees, and take its half, 
Alſo take the half ſum and half difference of the two altitudes. tl 
| | Firſt Operation. . 
2d. Add together the five following logarithms. 
log. co-ſ. of the half fum of the two latitudes, 
log. fine of the half diff. of the two altitudes. 
Ar. co. log. fine of the half interval, . 
Ar. co. log. co- . of the declination. Sj k 
Ar. co. log. co- ſ. of the lat, by account; their ſum * is the log. ſine of an are. 
d. Take the diff. between this arc and the half interval; and the half of 
this diff, is half the time from noon, when the greater altitude was taken, ol 
half their ſum is the time from noon, when the leſs altitude was taken. | 
4th. Add together the three following logarithms, q 
log. co-fine of the declination. | 
log. co- ſine of the latitude by account. 
Twice log. fine of half the time from noon, in degrees. 


— 


Rejecting the tens in 


1 
the ſum of the indices in this and the following f 
logarithmic work. | | | 


Seek 


book IX: DAYS WORKS; 275 


Seek the number to the logarithm of the ſum, then that number 
| doubled is a number, called the correction; which being added to the 
natural fine of that obſerved altitude, half the time of which from noon 
was taken, gives the natural ſine of the mer, alt. which is by it known: 
and hence the lat. is known by. Problem I. | 


71. REMARKS, 


But to know if the latitude thus found is accurate, make a ſecond ope- 
ration. Thus, | | : = 
To the ſum of the firſt four logs, uſed in the 2d article of the rule, add 


the ar, co. log. co- ſine of the latitude found by article 4th. The ſum is 
the log. fine of an arc, | 


Work by the 3d and 4th articles, for a corrected latitude ; and if it 
comes out the ſame, within a minute or two, as that found by the firſt 
operation, it may be eſteemed the true latitude, 

Or, if the difference between the reſults of the two operations do not ex- 
ceed about Ith of the difference between the latitude aſſumed, and that 
firſt found, the laſt reſult may be accounted ſufficiently correct. 6 

But if the difference between the reſults of both operations is much 
greater than the ſaid 5th part, then a third operation with the laſt found 
atitude will generally give the latitude exact enough. | 

When the latitudes found by the firſt and ſecond operations have one 
greater and one leſs than the latitude by account; or if theſe latitudes 
found differ by a degree or more; then make a third operation with the 
half ſum, or mean, of theſe two latitudes ;. and if the latitude found dif- 
ters from the ſaid mean, half their ſum will generally give the latitude 
very near the truth, | 


When both obſervations are made in the forenoon, or both in the af 
ternoon ; | . 
The half interval is half the difference of the times from noon : 
And the firſt found arc is half the ſum of the times from noon. 
But when the obſervations are, one before, and the other after, noon 
The + interval is the Z ſum ; and the firſt found arc is the diff. of 
the times from noon. | 


The 2 diff, added to the ? ſum gives the time of the obſervation far- 
theſt from noon, | | 2 


And the 4 diff. taken from the Z ſum gives the time of the obſerv. 
neareſt to noon. me is | | 
7. The times of obſervation ſhould be taken to ſeconds, or at leaſt to 
quarters, or thirds of a minute of time. They are beſt when taken be- 
tween the times of gh. A. M. and 3h. P. M.: the interval of time be- 
tween the obſervations ought not to exceed five hours, nor be much leſs 
than the time from noon at the taking of the greateſt altitude: in general 
the interval ſhould not be much leſs than about + of an hour. 

73. This problem is beſt ſuited to ſituations, where the Sun's meri- 
lan zenith diſtance is not much leſs than half the latitude : for in lati- 
tudes where the Sun approaches near to the zenith, the 'obſervations are 
to be taken much nearer to noon; and the rule inſtead of approximating, 
vill in ſome caſes give the reſults of ſucceſſive operations wider and wider 
from the truth; in ſuch caſes it is * to apply Prob. II. 

| - = | 


74. About 
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74. About the year 1740, Mr. Fohn Douwes, a mathematician at 
Amſterdam, and examiner of the marine cadets there, firſt communicateg 
to the ſea officers of Holland a ſolution of this problem, by the help of 3 
ſet of ſolar tables which he had computed for that purpoſe. Manuſcript 
copies coming into the hands of feveral Engliſh officers, who held the 
method in high eſteem, it was in the autumn of the year 1759 publiſhed, 
without any demonſtration ; but one has ſince been given by ſeveral per- 
ſons. In particular Dr. Pemberton communicated to the Royal Societ 

the whole compoſition, and ſhewed the limits, or where the method di- 
verges, together with other uſeful particulars. This curious paper of 
the Doctor's was publiſhed in the Philoſophical Tranſactions for the year 
1760. | no | 

N.. Douwes's tables conſiſt of four columns; in the firſt column 

ſtands the time to every half minute, extended to ſix hours: the ſecond 
column, called half the lapſed time, contains the arithmetical complement 
of the logarithmic ſines of the degrees correſponding to the times the 

ſtand againſt, in the firſt column: the third column, called middle times, 
are the logarithms of twice the natural ſines of the times, in degrees, 
which they ſtand againſt: and in the fourth column are the logarithmic 
verſed ſines of the times, in degrees, they ſtand againſt. But the pre- 
ceding ſolution requires no other tables than ſuch as are in the common 
books of navigation *. | | 


Exam. I. At 9h. 18m. 2 at 115. 30m. by 4 watch, the Sun's alti- 
tudes were reſpectively 8 372 and 16* 34'; the Sun's declination was 22% 
2Y8.; and the latitude by account 50* 40'N. : Required the true latitude, 


Sh. 2 zh. 12m. 330 ; altitudes f 8 37% 


11 4e 16 34 nat. ſine 0,85 14. 
Z interval 1 . 4 25 114 [12 354 A ſum alts, 
or 4 diff. times | | 7 562 | 3 581 u diff. alts. 
15, ſum alts. =12* 355” ©,98942|Ls, declinat. =229 23/ 9,96598 
1 diff. alts. = 3 584 8, 84041 |Ls, latitude =50 40 9,80197 
1, f diff.times=16 30 0, 54666 3 18, 82317 
1 J. declinat. 2 o, 3402 275, 2 time = 3 434 8,82317 
L's, latitude ==50 40 , 19803 T, 2 correct. 00247 739429 
1 3 1 608 Correction ==,00494 to be added. 
f =P 7 a 534 nat. , of 160.34, 285 14 great alt. 
| 16 30 | 5, merid. alt., 29008 16520 
| Meridional zenith diſtance 73 88. 
bp ouagh Declination | 22 23 0. 
Its half = 3 43zat. from noon. True latitude | 50 45 N. 


* 


* 


r 


Among the ſeveral publications of theſe ſolar tables, the moſt extenſive 
and uſeful is in the Nautical Almanac for the year 1771, | 


EXAM». 


Rad d 
— 


Il r 


ve 


"ry 


| half diff. times ==23* 300 2 


Altitude 44 54 at zh. om. P. M. 
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Exam. II. At 12h. 12m. and at 3 h. 20m, by a watch, the Sun's alti- 
mdes were 50* 447, and 300 41 r reſpeftively ; the Sun's declination was 


10 48' S. and the latitude, by dead 
true latitude. 


4 20 
3 
87 
26 
= 43e 43, 9,8590 
== 14 12 9,35 290 


155% 4 ſum alts. 
vs, 2 diff. alts. 


V's, 4 diff. times == 23 30 0,39930 
vs, declination = 19 48 0,02647 
us, latitude =13 14 0, 01169 
Li, an arc 226 297 9,04936 
23 30 
2 597 
Its half = 1x 29+ tim. fr. n. 


| 


reckoning, 13 14 N. Required the 


417 


G1 5h. e Ave altitudes 5 2 44 nat. fine o, 83615. 


253 | 43 43 2 ⁊ ſum altitudes, | 

3 13 14 a diff. altitudes. 
Ls, declinat. = 19* 48' 9,9735353 
Li, latitude - == 13 14 9,98831 

a | 6 

2Ls, 1 time = 1 295 | 8 
V, 1 correct. =,000623 6,9444 
Correction =,00125 to be added. 
s, great alt. , 83615 


4, merid. alt. , 83740 256 52" 
Merid. zenith diſtance 233 888. 
Declination ==19. 488. 


— 


True latitude ==173-- zo N. 


Exam, III. Required the latitude of a place from the following obſerva- 
tions made with a regulated watch and a Hadley's quadrant. 


Altitude 41e 53“ at gh. 28m. A. M. 


interval 4h. 32m.,==689. 


86 47 | 43 23i=1 ſum of the altitudes ; declination 199 12* N. 
2) | 
| 11 30;5== diff. altitudes : lat. by account 5g ON. 
1, 4 ſum alts. = 43* 23% 9,861 34 Ls, declinat, = 19% 12” 9,97514 
Ls, 2 diff. alts. = 1 304 3, 4203017, latitude = 59 o 971184 
1 ſum times 34 6. 0, 25244 3 | 41252 
1, declinat. = 19 12 Coats $77 tems 1 59 a 
Li, latitude 259 o o, 28816 8 — 
3 , 2 correction = ,03251 8,5 1202 
15 3 diff. times = 4 2 8, 84711 
. | — — Correction S, 06502 to be added. 
a noon at 1ſt alt. 38 2==zh. 32+ m. 4, altitude 44 54,705 89 
4 noon at 2d alt. 29 58 1h. 59/52“ | | | 
: | , merid. altitude ,77091=;0? 26 
Hence the latitude _ 258 46N. 
_ I EXAN, 
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Ex AM. IV. Being by my dead reckoning in lat 300 30/ N. the declings. 
tion being 10 24/.; the Sun's altitude in the forenoon was 61 47, and 
hours after, in the afternoon, his altitude was 306* $i + Required the trip 


The interval, or diff. of time= 5h, | FT ER ou 61® 47 nat. fine ,8 


8117 
diff. cime zh. zom. 37 30. 36 5 | | 


97 52% | 48 56 t ſum alt, 


25 414 12 51 =; diff. alt. 


17, 4 ſum alts. = 48 563 9,8750 L, declinat, "= 10% 24 9,99280 
Ls, 2 diff. alts. = 12 51 9,3471317, latitule = 30 30 993532 
L's, 2 diff. times = 37 30 O,21555 25 
1 5, declinat. == 10 24 0©,00720 TR: 3 9,2616; 
' L's, latitude == 30 30 0,06468| 9 
| | — — |L + correct. == ,02828 8,45142 
ws, > ſum times = 16 27 9, 45 206 | - 8 
—— — — Correction = ,05656 to be added. 

a noon at iſt alt. 21 3 uh. 244m. c, greateit-alt. = 88117 


21s, I times 


3 noon at ad. alt. 55 $57=3h.35tm.|s, merid. altitude 9377 3==69% 40 
| |  _ | Merid, zenith diſtance ==20 208, 


— — noms: 


iſt altitude, at 10h. 355 min. . _ }Sun's declination =10 24N, 
3d altitude, at 3h. 354 min. | | | 6—— 
| . Latitude „ le N. 


Second Operation. 
Sum of the iſt four logs. 9,387 38] Ls, declinat. 


= 10-24 9,99280 
L's, new lat. is = 3044 0,06573i Ls, new lat. = 30 44 9193477 

| | | g En” 9, 26003 
Ls, 4 ſum times = 16 30 9,45311 27% ne = 40.90 9,26063 
à noon at iſt alt, =-21 o==1h. 24m. I, 1 correct. ==,02808 844833 
a noon at 2d alt. = 54 o=3h. 36m. — — 
Iſt altitnde at 10h. 36m. A. M. Correction S, 05616 to be added. 
ad altitude at zh. 36m. P. M. 5, greateſt alt, 88 117 


„ merid, alt. 7 9 39 
Hence the true latitude will be 30 48 N. . 


 Exatte 
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Exam. V. Being by account in latitnds 16 20/ S. and the Sun's decli- 


"DAYS WORKS _ 279 


tim 22 48/ S.; at 8 31" 44* forenoon, the altitude of the Sun's center 
3 387; and at 10 17® 4% P. M. its altitude was 7026“. Re- 
quired the true latitude. | 


Times 13 17 44 Alts. 70 26 Nat. fine = 0,94225 


8 31 44 5 | 40 38 
7 46 27 zo; its 1==35* 45. 111 4; f fam g 327% 


| . 29 48; 1 diff. 14 54. 
J 4 ſum alts. =55 32 9,75 276,9, declination = 229 48“ 9, 96466 


1 1 diff, alts. 214 54 9,41016|Ls, latitude = 16 20 9,9821 
Ls, = ſum times =35 45 0,23340|Ls, 2 leaſt ime = 9 43 9,22731 
1%, declination =22 48 0,035 341,8, 1 lea time = 9 43 922731 
17, latitude —16 20 0,01789 2 
„ — —— L., Ne. correct. , o2520 8, 40139 
Lys, ! diff. times =16 19 9,4495 5 — —— 


Correction —= 05040 to be added. 


Leaſt time =19 26, its 22943. N., gr. alt. 2,4225 


— nan ——— 


N. . — alt. , 99265 =80®? 03” 


| Mer. zenith diſtance 6 57 8. 


Sun's declination 22 48 8. 
| Latitude 15 51 8. 


8 ä Second Operation. 
Sum of the four firſt logs. 9,43 1601, 9, decl. 
L's, latitude ==15 51 , 01683 L,, latitude 
= — |L,s, 4 leaſt time 
1% 4 diff. times =16 181 9,44849 L, 2 leaſt time 


22 48 9, 96466 
1 1 QOONg0p 
9 121 22274 
9 434 9˙22749 


e 


5 45 | Res 
| oy — | , No & correct. =,02528 8, 40281 
Leaſt time =19 264, its 299434“ 1 


Correction =,05056 to be added. 
NN., gr. alt. ==,94225 ” 


| N. s, mer. alt. =2,99281==83* 07". 
Hence the true latitude may be taken at 15 558. | 
Suppoſe the latitude, declination, and altitudes the ſame as above; but the 
times had been at 8" 31® 44*, and 10 42 16˙ in the forenoon; or at 1* 
172 44 and 30 28 16* in the afternoon ; to correct the latitude by account. 
Times 10h 42m 165 Or 36 28" 165 8 - | | 
S 3 $6 #57 -44 
2 10 32 2 10 32=32* 38; its. = 16® 1 = £4iff. times. 
Conſequently, in the firſt part of the operation, if the 16* 19/ be uſed 
Inſtead of 35 45/3 the ſum of the five logs. will give the log. of 35% 45 
for the half ſum of the times; and half the leaſt time will be 97 47 
therefore the ſame reſult will be obtained, and the final latitude will be 
I 5 85 8. | | 
If three zenith diſtances, circumſtanced as in Problem II. or III. could 


/ 
> 


be taken, the latitude would be found with leſs trouble. | 
| Y4 | Ex Axl. 
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ternoon: or, at 10 31” 48* forenoon, and at 4 34 209 afternoon, with 
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Ex AM. VI. Wanting to go through the 8 N. channel among the N. 
dives, and being by account in lat. 70 20 N. with 22* 48' NM. declinatiom at 
nh 252" forenoon, I found the true altitude of the Sun's center was 2216. 
and at 10 318” its altitude was 63* 40 : Required the ſhip's true latitud. 
Time 10 312 48" Alts 63* 40” N., „89623 

7 25 40 22 30 


Interval 3 6 8846 32“; its 2 = 23716 86 10; 43 05 ſum al. 


—— — — 


| meas 
| | 41 10; 20 35=E diff. alts, 
L's, 4 ſum alts. = 43* O05” 9,86354| L's, declinat. = 22 48 99645 
1's, 2 diff. alts. = 20 35 9.54601] 1,5, latitude = 
L's, + diff. times =23 16 04,40339| L,s, 2 l. time — 1 
L's, declination =22 48 0,035 330 Lys, 2 l. time = 
L's, declination = 7 20 0,00357|y, No 4 correct. =,03344 85241 
| I DEA 52474 
Correction ==,06688 
N. 5, gr. alt. ==,89623 
| Leaſt tim, à noon = 22 3, itsz 211140 N.s, merid. alt. = 290311=74" 23. 
| Mer. zen, diſt. =215- J 
Declination ==22 48N, 
| Latitude = 7 iN, 


xs, latitude = 7 20 985184 


| Second Operation. 
Sum of the four firſt logs. 9.84827 L,s decl. 
Ll, latitude == 7 11 0,00342| L,, latitude 
_ , 2 l. time 
Ls, 4 ſum times 45 172 9,85 169 L,, 2 l. time 


220 48“ 996457 


7 11 999050 
11 ol 928105 


11 o+Z 0, 28108 Le 
+ diff. times 23 16 L, Ne 4 correct. 403337  - 852341 | 
1 3 - ON | Qi „5 
Leaſt time à noon 22 14, itsz2 21104 Correction „06674 


| | | 589623 


N. 5, mer. alt. 90297 0 21, 
Hence the latitude is 0 9 N.“ | 
If the altitude had been at 1* 28 127, and at q 34” 209, both afternoon, 
the latitude would have been the ſame. _ | non 

But had the times been at 7" 25” 40* forenoon, and at 1b 28" 12 ff. 


the ſame altitudes, declination, and latitude, by account, to correct the 
latitude. | | | 


Times 13h 28 128 | Or 165 34" 208 
7 25 40 | 10: 31 © L 
6 2 32 ſum of the times <8 32 


| | S 2: 26==44*® 19” | 28 
Then the log. of 45 10 * uſed for the third log. inſtead of that 
of 235 16 the ſum of theſe five logs. will be the log. of 23 16/, the half 
difference of the times ; and, conſequently, the leaſt time will be the ſame 
" r the former operation; and the final reſult for the latitude will be 


1 | Exam, 


0 
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Exam. VII. Wanting to make the Engliſh Channel, I —_— the true 
hitude of the Sun's center 24* 30, and 3Þ 4m after, its altitude was 522 
16/ ; our latitude by account was 49 12', and the Sun's declination 23 
Required the ſhip's true latitude. | | 


7 1 463 its 22235 the 4 interval. 2d alt.=52* 16' Nat. fine 79087 


iſt alt.=24 30 
76 46] 38% 237 
2— 
27 4613 53 


1 1 ſum alts. 3823“ 9, 89425 ,, declination=23 0 996403 
Ls, 1 diff. alts. =13 53 9,3801101, latitude = 49 12 89, 81519 


1% £ interval 223 0 o, 408 12 L, ,, 2 leaſt time =15 44 9,415 12 

15%, declination =23 o ©,03597 |L,s, x leaſt time =15 45 9.41812 

1, latitude ==49 12 o, 1848101, No correct. =04069 8,00946 
3 eee 08137 | 

Ls, x fum ao 9 9,90320 5 


. % — O „it * + = * 1 N. s, mer. alt. —87224=609 4 # 
Laſt time à NOONZ=<3 9 1 82 Hh | Zen. diſt 29 8 
Decl==23 O 


Latitude 52 17 


Second Operation. 
dum of four firſt logs. 9.71845 L., decl. =23 O 9, 96403 
1, latitude = 52 17“ 0, 21342 L,, Frags =52 17 9,78658 
IfW 9,03 187 L 3b time ==17 52 48686 
es "OO a 2 3 uh 4 1. time 17- I 9.48686 
Leaſt time à noon 35 44, its 221762 ©» Ne 4 correct. =05301 8,2433 
Latitude 52 17 firſt found. 10602 
Latitude 49 15 ſecond found. 79087 
895896345 
wand as 3 Zen. diſt. 26 15 
| | Deck 
Mean Iatityde 59 45 | e 
„ Third Operation. | 
dum of four firſt logs. 9,71845 L,, decl = 230 9, 96403 
, latitude == 50 46 o, 19895 L, latitude = 50 46 9, 80105 
| — L,s, 2 leaſt time = 1623 945034 
1, 2 ſum times 55 46 9591740 L,, 4 leaſt time =16 23 945035 
8 I, Ne £ correct. =04632 $,00577 
4 DE E 09264 | 
Lealt t. à noon = 32. 46,its 1 81623 — 
N., mer. alt. 8835 12 4. 
: Zen. diſt. 37 56 
Decl. $94 
. | Latitude 50 56 
Former mean latitude 50 46 
Ik 101 42 
True latitude 50 51 


In 


, 
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In the preceding Problem it was ſuppoſed that both the altity 
taken at the ſame place; but as this can ſeldom happen at ſea, 


ceſſary to thew how the latitude may be obtained when the al 
obſerved at two different, but not very diſtant places. 


des were 
lt is ne. 
titudes are 


the pi 
berton 
5 | ; Mt 
75. | PROBLEM VII. P. 
Given the latitude by account, the Sun's declination, two obſerved al; * 
tudes, the interval of time, and the courſe and diſtance run, between thy " 3 
ſervations; to find the latitude correſponding wich the noon of that day. duc 
N | Ex 
SOLUTION. atitul 
1ſt. Find the latitude by account at the time, when the greater alt. ond 6 
tude was taken. | | | time 
| 24, Let the bearing of the Sun be taken by the compaſs at the inſtar . 
when the leaſt altitude was obſerved, and take the difference between that Now 
bearing and the ſhip's courſe by compals. 3 RS And 
3d. With this angle, or its ſupplement, if more than 90 degrees, and Allo 
the diſtance run by the ſhip between the obſervations, find the difference 45 
of latitude in the traverſe table. 2 = | Ther 
Ath. This difference of latitude muſt be added to the firſt altitude, if And 
the angle between the Sun and ſhip's tract be leſs than 9oꝰ; but it muf te 
be ſubtracted from it, if that angle be greater than 90%, to give the fil 
altitude, as it would have been found, if it had been obſerved at the ſane Nos, 
place -where the ſecond was. „ N half 
Sth. With theſe altitudes (thus reduced to the ſame zenith), the ob. N 
ſerved interval of time, together with the declination and the latitude h! 
account, at the greateſt altitude, find the meridian altitude by the pre. 11 
ceding problem; and hence the latitude will be obtained for the time, Vo 


when the greater altitude was uybſerved, ” 
6th. If the latitude be required for noon, with the courſes run by the 
ſhip, corrected for variation of the compaſs and lee-way (32, 35,) and WW + 
her diſtance run by the log. find the difference of latitude made good 
from the time when the greater altitude was obſerved at noon ; which WM 
being applied to the latitude, found above, at the time of the greater all- 
tude, will give the latitude at noon, ” | 


REMARK. If the Sun's bearing could be taken with ſufficient accu- 
racy at either obſervation, it would render the other obſervation uſeleſs; E 
for, with the azimuth, the polar diſtance and the zenith diſtance, taken Wi hit 
at any time, the latitude and hour from noon may be found. But al- 
though the Sun's azimuth cannot be obſerved with ſufficient exactneß — 
for this purpoſe, it may for obtaining the correction to be applied to one 
of the altitudes to reduce it to what it would have been found, if it had 
been taken where the other was, For the ſmall error incident to the 
correction of the zenith diſtance, by being computed from an azimuth 
fomewhat erroneous, will bear to the error in that azimuth, a ratio but 
little different from that of the fine of the diſtance run by the ſhip to the 


co-ſecant 


„ 
4 
＋ 
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d lecant of the angle which the ſhip's courſe makes with the azimuth 
circle that the Sun was on “. Or, inſtead of obſerving the ſun's azimuth, 
t may be computed from the latitude by account, ſufficiently exact for 
the purpoſe of obtaining this correction, as was propoſed by Dr. Pem- 
ton. | | NS 

= In the fecond operation of the Examples to the VIth and VIIth 
problems, the arith, compl. of the co-ſine of the latitude is added to the 
um of the four firſt logarithms, according to the precept in Problem VI. 
by which means the conformity of the ſecond operations with the firſt is 
note expreſsly ſhewn ; yet the ſame logarithm would be produced by 
kelucting the co-ſine of the latitude from the ſaid ſum. | | 


Exam. I. Sailing S. E. 11 knots an hour, at q 36" forengon, the true 
atitude of the Sun's center was 5$2* 2', and his bearing was S. 60? 3o' E. 
and at 11h 24, his altitude wae 63 4.5'; the latitude by account at this 
tine being 48 46 M. and the Sun's declination 23* 20 N, : Required the 
htitude at the time when the latter altitude was obſerved. | 


Now 11h, 24m.—gh., 36m. = Th. 48m. is the interval of time. 

And 1h, : Ih. 48m. : : rIkn. : 20kn. nearly the diſt, run in Ih. 48m. 

Alo 60 30“ the Sun's rhumb, leflened by 45 the ſhip's rhumby leaves 
15 30/ for the diff. of rhumbs. Se: | 
Then with the courſe 15 3o”, and diſt. 20m. the diff, lat. is 1Iqm. ; 
And 52* 2 +19/ =52* 21 for the leſſer altitude corrected ; or fitted to 


the zenith where the greateſt altitude was taken, 


Now 1h. 48m. = 270 of Alts. 630 45” N. 8. 8968 

half interval == 13 30 35 — N. 8. — 

| half ſum 58 3; half diff. 5 42/. 

c$* 03”  9,72360|ts declth. == 23% 2q* 9,96 294. 
58 42 8.99704 Ls lat. = 48 46 9,81897 


Ls ſum alts. 
Ls 2 diff. alts. 


17 7 dif. times = 13 30 0032182} Ls, 41 tine” 4. 8,86128 
L ; declination = 23 20 0,03700|Ls, 2 l. time = 4 10 3, 86128 
Ls lat. = 48 46 , 8103. Ne 2 corr. oog 198 7.50447 


| _ ; Correction = ,006 
L ; ſum times = e enn leaſt alt. = 89687 


li. time à non = 8 20, its 3==4 10 N.s mer. alt. 90320 = 64 35 


mer. zen, diſt. 25 25 8. 
Declin. 23 20 N. 
„ 48 45 N. 


Here the lat. 48 45 computed, differing by 1 minute only from the 


latitude by account, may be taken for the true latitude. 


1 — 


POR — et; 


* Core/, Aſtim. Err. in Mix. Math, Theorem. 22. 
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_ Exam. II. Being by account in latitude 51* 6' N. when the Sum: 4. 
clination was 22 2J/ S.; at gh. 18m. A. MH. the Sun's altitude wa þ 


2% when he bore S. 360 45 E.; and having run NI. b. W. eight jy, 4 
— hour, at 10h, 40m. * Sun's altitude was 14 46: Required the ln * 
at the time when the ſecond obſervation was taken. | | 4 30 

| | 1 it the 11 

Here the obſerved difference of time is Ih. 22m. | 1 

Now th. : Ih. 22m. : : 8&n. : : 11nk. nearly the diſt. run betw. the of - 
Here the Sun's rhumb. is S. 3645“ E. — 
And the ſhip's rhumb. is N. 56 15 W. | ; 


The angle comprehended between them is 160® 30. 
Its ſupplement is 19˙ 30% which as a courſe, with the diſt. 11, givs 
10 f for a diff. lat. | 3 . | 5 
And the ſhip running northward from the Sun leſſens the altitude. 
Then 8 371 —104¹ 8 27/ is the alt. to be uſed at the 2d obſervation 


To find the latitude by Problem VII. 


10h. 400 J interval Ih. 22m. 20 30", Its. J 14% 46" 2 ſam = 11 467, 
9 18 half diff. times=10 15  *Q. 8 27 [2 diff. 3 91. 
A, 2 ſum alts. = 11 36 9, 99102] Ls), declination 220 23/ 996598 


Ls, K diff. alts. = 3 94 8,74111] Ls, latitude 51 6 9.7979; d 
Ls, 2 diff. times = 10 15 0,74972|2Ls, & time 10 37 8,530) 11 11 
1, declination = 22 23 0,03 4.02 — F 
A latitude = 51 6 o, 20207 L, + correction „019705 3, 2946 , 1 
Ls, 4 ſum times = 31 29 9, 74794 Correction 03941 11 0 
5 — Nat. ſine 225488 of 1440 
Leaſt time 21 14 from noon. — lea. ü 


js, of 179 07” 29429 merid alt, 


| And 72 53==merid. zen. diſtance, By 

Then 72® 53'—22® 23'=500 30“ N. is the latitude, | (60) val 
; Second Operation, — 

Sum of the four firſt logs. 9,5 1587 Ls, declination 220 23 9,9650 im o 
L's, latitude. 509 307 0,19049| 19, latitude = 50 30 9,8031 ] 
8 . — — 21, z leaſt time 10 24 3, 51305 9400 
Ls, ſum times 31 34 9,71236 | -—— — 
| —Q —=| L, 2 correction 0,019165 8, 28954 7 
Leaſt time 20 48 fr. noon. | | ; —— — 
| 165 

Then the correction o, 3833 40, 25488 the nat. fine of 14 40 / gives bo 
©0,29321 the nat. fine of 17% O / the merid, alt. and tlie merid. Zen. diſt. WI — 
357. . 3 

| Therefore the latitude will be 50* 34 NM. 4 2 
And by making a third operation, the latitude ſought will be found to 7! 
be 50 3 N. The ſame to a mile as it was before. 3 | 
M 

Z 6 

De 
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Exam. III. Running with a briſk gale ten knots an hour, on a W. S. V. 
% t 10 30m forenoon, the altitude of the Sun's center was obſerved to 
nM; 610 47 3 and at 3 36” P. M. his altitude was again found to be 360 
uch 5 and his bearing S. 800 30 W. by our account, the latitude at 10 36m 
4 zo N. and the Sun's declination 10 24/ N. Required the latitude 

it the time of the firft obſervation. Wo 

Here the obſerved difference of time is five hours. 1 

And Ih: 5h : : Iokn: 50kn. the diſtance run between the obſervations. 
When, as in this caſe, the Sun's bearing is taken at the ſecond ob- 
cation, the oppoſite point to the ſhip's courſe muſt be uſed in reducing 
tut altitude to the ſame ſituation with the firſt. 

Now the Sun's rhumb is S. 80? 3o/ W. or N. 80 30/ E. 

And the oppoſite point to the ſhip's courſe, is N. 67 30 E. 

Their diff. is 13* 087, which as a courſe, with the diſt. 50, gives diff. 
lt, 49%. Then 36* 5/—49/=35* 16', _ g 
Then 36 5 —49 = 35 16/ is the corrected alt. for the 2d obſervation. 

To find the latitude by Problem VII. 

aterval ch. 275 ff Alts. 6147 f ſum alts. 248 314“. 
. _—_ 30 35 be 2 diff. alts. 213 154. 


285 


ves 


ion. 


59 1 ſum alts. =48* 317 9g,82105|L,s, decl. = 10% 24 999281 
793 1 diff. alts. 213 155 9. 36048 L,, latitude = 30 © 9,9375 3 
075 is, E ſum times==37 30 o, 21555 L, 2 time == 10 14 9,24958 
— 7e, decl. 210 24 0,007 19| LS, ume == 10:24 9,24958 
166 , latitude ==30 © 0,00247|1,, No corr. =0,0263885 *B,42950 


Correction =—=,05 377 

9.46074 N.s, of 35 16==,88117 
3 N. 5, mer. alt., 93494 = 69'137 L 
And the latitude at noon 31® 11” N. (61) 


By a 2d operation the latitude will be found to be 31 26' N. by a 
131* 300 N., and by a 4th 31 300 NM. 

By working with the latitude 290 41“, which the ſhip was in at the 2d 
obſervation, the final reſult will be the ſame, as is ſhewn in the following 
pactical form of placing the work of theſe Examples: 9,40427 is the 


1 2 diff, times =17 2 


lea. time anoon==20 28; its 221014 


33 BN fu of the four firſt logarithms. | 

351 Firſt Operation. Second Operation. | Third Operattion. 

0 040427 9,9928109, 40427 9,9928 10,4047 9.99281 

0056109 99389100, 624 9932760, o6869 9,93131 

5 9,6605619,4715 1 9,0024019,4.7296 9,66289 
15587 96605617 13% 9,00240|170 17 9,66289 

ves — 3 

TY FALK 28284 232 24920 
| 12900037 30 0,17798137 30 0.17779 
54 285 ©,35800]54 43z 0,35590154 47 ©,35558 

to 7 145 0957742127 214 0,57740[27 234 0,57740 

293540 9.3330] 293298 

Mer, alt. 69" 18] Mer. alt. 08 58] Mer. alt. 680 54 
Zen. dilt, 20 42] Zen. diſt, 21 02] Zen. diſt. 21 6 
Decl. 10 24] Decl. | 10 244 Decl. 10 24 

My Latitude 31 6 Latitude 31 26) Latitude 31 3o N. 


— 


Exam. IV. January 20, 1780, being by account in latitude 560 oe 
longitude 64 W. at 7h. 32m. and at 10h. 28m. forenoon, by fore obſeruat, 
the altitudes of the Sun's lower limb, were 29® 47%, and 409 522/, 2 
his bearing at the former V. 80* E. the eye 20 feet above the water, 4 b 


tween the obſervations the ſhip bad run 8 knots an hour, on a courſe 5. 5005 
Required the mid-day latitude. 8 | „ 
Now ſhip time 10% 32” P. M. A4 16 W. 23 58. Or, 115 58* A. 
London. ; DD 3 
Or, 22 28 P.M. + 4 16*W, =26d 44 Or, 2 44 Y. M. Lond. OS 


The Sun's declination fitted to theſe times, are 20* 8/, and 20%7/, (V. (57 


App. alt. © lower edge 29 47 30 And, 49 52 45 1 0 
© + diameter + 16 20 16 20 ae 
App. alt. O center 8 EE 50 9 05 bs of 
Dip. on zo feet TE BE 4 20 3 
| 29 59 35 © 4 50 2 3 
Refraction 138 8 = | 
True alt, © center 29 57 57 1 
Or, „ 29 58 | $6::4 
Now the interval is 2 56”, And 1: 2* 56": : 8kn : 23kn: the dif 
tance run. | | 5 | 
With the courſe S. 50 E, and diſtance 23u the diff. lat. is ry” 
Then 56? 30+ 15'=562%45/ the latitude in at ſecond obſervation, 
Again. The difference between the Sun's bearing N. 80 E, and the * 
mip's courſe N. 130 E. gives 502. N | Som 
And with the courſe 50? and diſt. 23" the diff. lat. is 19”. r 
So 29% 58'+ 15'=30* 130 the corrected alt. at Iſt obſervation, 3% 
| Je 5 


The interval = 2 56n—449 Alt. 50* # | ſum alts,—40» 082 altitu; 
. N . ä 2 2 L I . 
Firſi Operation. Second Operation. | Third Operation, 4 * 
9.88335 9.97262, 57363 9.972629, 57363 9.972600 inf; 
9.23643 9741890925331 9.73669.25157 9 
0,42047 9,7287319,83694 9,7324900, 835 20 973 76 
©0,22738 — —_— , in th 
— 1323 973249] 43% 107 9,7 31% f | 
©,25811 rr 9.17429] 22 3+17557 tha 
HO | n— — nu 
9285174 2148001"G; 23 ,I14940|_05 105 14910: 1, 
4245 29720 | 22 471 529820 
22 50327 3 412 5 32 35K | 
| 04 45 288047 Leaſt alt. 550327 „8014 T 
32 28+ 4} $3" 2x Mer. alt. 80207 Mer. alt. 53016 meri 
Zen. diſt, 36 49 N. Mer. alt. 5352 Mer. zen. diſt, 36 44 "ce 
Decl. 23838. 1 * Declination 20 8 te 
Latitude 56 57 | Declination 20 8| Latitude - 56 52 py 
5 Latitude 56 48 | 


lk. ATS works 


„ latitude 56˙ 457 and the declination 200 77 
t the ſecond obſervation. | 


Fir/t Operation. | Second Operation, £ 
568330 9.972669.57354 9097266 
23043 9473901 10,20215 9.73785 
042047 | 9.73081 — | | 
002734 9,7308 19,83569 Be 9.73160 
620099 9.17329] 4314 9,73 160 
963453 | n 9517371 
— | | — —— — — i; 3 
4 06 Cor. 529808 65 14 | : No 51 4920 
32 00 e 3 ——. 5 — —— 
— — 7 Corr. , 29840 
bg 06 „80135. | 
— — — N. s, leaſt alt. 550327 
2 | | — —.— 
gs Mer. alt. 53? 16 | N.s, mer. alt. „80167 
Zen. diſt. 36 44 N. Merid, alt. my 17” 
Declination 20 % . . — f 
— — Zen. diſt. 36 43 N. = 
Latitude 36 fi. Declination 20 07 8. "yl 
| Latitude | 56 50 8. | | 


rr 
wo 


— — 


Hence it appears, that in the work of ſuch examples as the preceding, 
it is almoſt indifferent, whether the latitude by account and declination 
relates to the obſervation neareſt to noon, or fartheſt from noon. How- 
ver, for the ſake of uniformity, it may be recommended to uſe the lati- 
tude, the declination, and the natural fine, which do all relate to the ſame 
altitude, | | 

It will be ſhewn in the Appendix how this problem was conſidered by 
facio; but his ſolution requiring too many trigonometrical operations to 
be of ready uſe, the preceding method by approximation was ſubſtituted 
Inſtead thereof. E . | 


»6, Mr. Richard Graham's method of ſolving this problem, publiſhed 
in the Philoſophical Tranſactions for the year 1734, N' 435, by a kind 
of intrumental operation, may indeed give the latitude within ſome 
2 of the truth with eaſe and expedition: it is, in ſubſtance, as 
olows ; | | 


Deſcription of the Juſtrument. 
To the meridian of a globe (properly divided) let a piece of a like 
meridian, called the beam compaſs, about 110 degrees long, and di- 


vided like the former, be fitted, and made to ſlide on the upper fide of 
the meridian x. Moreover let two ſliding Vernier's ſcales be fitted to 


— — 


an 5 2 


i q 
1 
H 
q 


j 
] 


Ss Be,» © . 1 
8 < a — 


. 4 
8. —ͤ—ä—äñ—: 2 — — 2 7 — ed 
- — —_ — 
aa - r * — — — n 
5 — — 2 


———— 


* In Mr, Graham's inſtrument, made on purpoſe for this problem, the beam 
tompals flides under the meridian, | | | 
But tthoſe 
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thoſe circles, dividing each degree into every five minutes. The has 

compaſs muſt be ſo applied, that a pin, on which it turns as a — 
and fixed exactly at o degrees, or one end of it, may paſs through 2 ** 
at the beginning of the diviſions of the Vernier which is to ſlide _ 5 
meridian, that pin ſerving as the center of motion of the beam com k 
when the Vernier is ſcrewed to the meridian : the other Vernier * 

ſlide on the beam compaſs, and carry with it a pointer, or index, at th 
beginning of its diviſions, b | 


With this Inflrument the problem is thus ſolved : 


At the time of the firſt obſervation, let the Sun's bearing be alſo ob- 
ſerved, and take the difference between the rhumbs on which the Sun 
was obſerved, and the rhumb on which the ſhip ſteered between the ob. 
ſervations : Then ſay, 8 8 f | 

As radius is to the co-fine of that difference of rhumbs, ſo is the diſtance 
run between the obſervations, to the minutes of correction to be applied 
to the firſt zenith diſtance, 2nd is to be added when the ſhip fails from 
the Sun, otherwiſe it is to be ſubtracted. | | 

Then ſlide the Vernier's ſcale on the meridian to the given declina. 
tion, and the Vernier on the beam compaſs to the firſt zenith diſtance a; 
corrected, and let theſe ſcales be fixed by their ſcrews. Rectify the globe 
for noon (VI. 59), turn it till the hour. index points at the time of the 
firſt obſervation ; there hold the globe faſt, and move the beam compaſs on 
its center, nearly into the azimuth of the Sun at that obſervation, and de- 
ſcribe an arc on the globe with the pointer of the Vernier. _ 

Slide the Vernier on the beam compaſs to the ſecond obſerved zenith 
diſtance ; turn the globe (the proper way) till the hour-index points at 
the time of the ſecond obſervation ; there hold the globe faſt, and with 
the beam compaſs cut the former arc, their interſection will ſhew the 
place of the ſhip at the time of the ſecond obſervation : bring the meri- 
dian over that point, and the latitude is found ; alſo the hour-index wil 
point at the true time of the day when the laſt obſervation was made. 
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SECTION K. 
jm. To find the Longitude at Sea. 


f an accurate account could be kept of the true courſes which a ſhip 
us ſteered, as directed by the compals, and of the diſtance ſhe has run, as 
neaſured by the log, or by any other contrivance ; then both the latitude 
md longitude of the place where the ſhip is at any time, would be known 
n ſettling the ſhip's acgpunt to that time. „ | 

For the courſe and diſtance being known, the difference of latitude and 
krarture is readily found by the traverſe table; and the difference of lon- 
tude being alſo found (VIII. 60), the true lat. and longitude are known. 

But as the ſhip's motion is liable to be diſturbed from a variety of 
cuſes, ſuch as, a continual deflection from the courſe ſet, by the ſhip's 
laying to the right and left round her center of gravity, and the unequal 
are of the helmfmen : and the diſtance failed being faulty, on account of 
umbling ſeas rolling with or againſt the ſhip ; the unſteadineſs of the 


which ſeem impoſſible to be allowed for; her place, aſſigned by theſe 
means, may juſtly be ſuſpected to be erroneous. Mariners judge of this 
y finding the ſhip's latitude every day, if they can, by obſervations of 
the Sun or Stars; and if the latitude, found by their reckoning, agrees 
wat that found by obſervation, it is preſumed that the ſhip's place is 
yell determined: but 4f-they diſagree, they conclude that the account of 
mgitude ſtands in need of correction; the latitude found by obſervation 
ting always to be depended on. | | 

78. The error in the ſhip's reckoning is frequently attributed to un- 
known currents. For, from cauſes yet undetermined, there are man 
ad various motions of the water in the open ſeas, as well as'thoſe ob- 
krved near the ſhores, where the motions may be tolerably well ac- 
counted for. Some of the currents obſerved in the great ſeas may per- 
laps be owing to the tide's following the Moon, and to the libratory mo- 
ton which the waters may derive from thence ; and the unſettled ſetting 


ad diift of theſe currents may poſſibly depend on the change in the 


Moon's declination, However, it is well known from obſervations, that 
tie trade-winds occaſion a conſiderable current within their limits, par- 
iewarly within the Torrid Zone, where the motion is perpetually to- 
mrds the weſt, at the rate of 8 or 10 miles a day, But at the extremities 
f the trade-winds, or near the latitudes of 30 degrees north or ſouth, it 
likely, that the currents are compounded of the ſaid weſtern motion, 
ad of one toward the equator (by obſervation 2. Art. 84. B. VI.): 
lierefore all ſkips, ſailing within theſe limits, ſhould allow a courſe each 
lay for this current. — | 5 | 8 

Although ſome of the methods recommended for correQing a ſea 
rckoning are little better than gueſs-work, as it cannot be known with 
G&tainty whether the ſhip is to the eaſtward or weſtward of the point in 
mich the reckoning places her; yet it was judged proper to introduce 
bem here, as they may ſometimes be uſeful, | a 


Vol. II. E = Met bod. 


zind; unknown currents; ſudden ſtorms, and many other circumſtances, 
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Book 
Methods of Correcting the Reckoning of Longitude. \ 
79. M ETHOD I. When the error is ſuppoſed to happen from 1 a n 
| —Þ - | / | 5 re 
Conſider whether the difference may not have been occaſioned by z fel) 
current, and, if it is poſſible, try it (by Article 47, Book VII.); er mike 3 
: |; or 


ſuch an eftimate of its ſetting and drift, as may be judged reaſonable, 
Then with the ſetting and drift, as a courſe and diſtance, find the dif. 
ference of latitude and departure, with which increaſe or diminiſh the dead 
reckoning ; and if the latitude, thus corrected, agrees with the latitude 
by obſervation, the departure, thus corrected, may be ſafely taken as true, 
and ſo the ſhip's place determined with regard to longitude. _ + 

Ex AM. I. Suppoſe a ſhip in 24 hours finds by her dead reckoning, fhe bus 
made 9 miles of diff. lat. N., and 38 miles of departure W.; but by db. 
ſervation, finds her difference of latitude is 112, and on trial finds a current, 


which in 24 hours makes 16 miles of diff. lat. N, and 10 miles of depart, E,: v1, 


Fhat is the ſhip's departure? | 7 
Diff. lat. by account 96 m. N. ¶ Departure by account 38 m. W. iar 
Diff. lat. by current 16 m. N, Departure by current 10 m. E, Rt 

| | De | 5 PEAS — W 
True diff. lat. nN. „ 28 m. W. Gf « 


Here the dead reckoning corrected by the current gives the difference 
of latitude 112 miles, which is the ſame as found by obfervation ; there- 
fore the departure 28 is taken as the true one. | 


Exam. II. Yefterday noon we were in latitude 36˙ 1g' N, and have 
failed theſe 24 hours, 1/8. SE. 2 E. 55 m. 2d. NE. by N. 20m. 3 d. NI, 
70 m. 4th. S. by W. IM. 20m. and all the time in a current ſetting S8IV, 

3 V. m. an hour: By an obſervation this day at noon, we were in latitude 


34 58' N. : Required the tue departure the ſhip has made 


| | pa | 7 | Departed lat. 36 15“ N. 
E — Dif. N. 8. E. | W. | Preſent lat. 34 58 N. liffer 
k. 28. | 7. B69 142; ' mig tas Ds eo ws 
(SE. iÞ. | 55 = 34-9 [49-5] |, Dif ladiade 1 17 n., if un 
WSW. 70 | 26,8 64.7 Here the current being taken W 
S. b. W. W. 20 119-1 | 5:3] into the account, produces 3 i be d 
SSW. 4 W. 15 12,8 7-7-| diff. lat. by dead weckoning F, 
— 8 equal to that found by obſerva- Wl ;; , 
ZH me" 93,6 53-0 7 8,2 tion; and therefore the depar- ag 


ture by the dead reckoning is 
taken as the true departure, 


diff. lat. 77:⁰ | dep.'24,6 


4 _ * 
— >. _ —— — 4 — 
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$9, Marhon I When the error. is 's thought to ariſe from the courſes and 
| d. ances. | | 


If the difference of latitude is much more than the departure, or the 
lire courſe has been within three points of the meridian z 3 It is moſt 
rely the error is in the diſtance, | 

And if the departure i is much greater than the differerice of latitude, 
or the direct courſe is within three points of the parallel, or more than 
fre points from the meridian, the error may be aſcribed to the courſe, 

But if the courſes are in general near the middle of the quadrant, the 
error may be either in the courſe, or in the diſtance, or in both, 

For, to cauſe an alteration in the difference of latitude, the firſt of theſe 
caſes requires a greater error in the courſe than can well be ſuppoſed to 
hve been committed; in the ſecond caſe, the diſtance muſt be fo faulty 
35 would ſcarce eſcape obſervation; and in the laſt, it is often doubtful 


whether to attribute the error to the courſe or diſtance; but it is uſually 
corrected in both. | | 


51. | r 


hen, by the dead reckoning, the diff. lat. is more than once and a half the 
lharture: Or, which is the ſame, when the courſe is leſs than three points. 
RULE. To the diff. lat. and the departure by account, find the courſe. 


With this courſe, and the meridional diff, lat, 'by W find the 
bf, of long. 
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ExAM. T. ud noon we were in lat. 30 187 N., and by an obſervation 
are this day noon in lat. 37? 48” N.; our dead reckoning gives 1 I miles of 
falling, and 64 miles of eaſting : Required the. ſpip's true difference of long. 


By the TRAVERSE TABLE. 


The diff. lat. 116, and the departure 64, gives the courſe 29 degrees. 
The courſe 29 degrees, and the meridional diff. lat. by obſerv. Il 5, | 
gives the diff. long. 64. 7 


$2, | Cas . 


When by the dead reckoning the departure is more than once and a half the 
ufference of latitude © or, the courſe is more than five points. 

RuLE, With the diff. of latitude by obſervation, and departure by ace 
count, find the courſe and diſtance. _ 

With the co-mid. latitude _ bſervation, and depart. by account, find 
tle diff. longitude. 


Exam. Yefterday noon we ere in latitude 48? 52/ M.,, and were to-day 
at noon in latitude 50? 18' N.; our dead reckoning ſhews we have made 68 
nies of northing, and 112 miles of weſting ** the true difference of 
ingitude the ſhip has made. | 


By the TRAVERSE TABLE. 


The diff. lat. 86 and departure 112, gives 522 for the courſe, and 132 
or the diſtance. 
The co-mid, latitude 4.0? IT, and the departure 112, wn I 73 miles 
'or dj [erence of longitude. | 
| Z 2 83. CAsE 


2 * 


8 
ö 
| 
1 
| 
: 
: 


292 DAYS WORKS. Bogkly, 


enabled, by the help of the latitudes and longitudes of the places of thoſe 
obſervations, to draw certain lines on a Mercator's chart, ſhewing the va- 


will be found in about longitude 27® 100 welt from London. 


— Book 

83. | Cas» HL tereff 
FF hen the difference of latitude and departure by account is nearly equal, e dieen 

the direct courſe has been between three and five points of the meridian, b7. 
Rur. With the diff, of latitude and departure by account, ſince the oo 
Jaſt obſervation, find the courſe. obſer 


With this courſe, and the diff. of lat. by obſervation, find another de. of AM 
parture. | WE | rat. 
Take half the ſum of theſe two departures for the true one. | gat V 


With the true departure and diff. of lat. by obſcrvations, find the true * 
courſe. | — Rs . one 15 
are ſul 


Wich the true courſe and meridional diff. of lat. by obſervation, find | 
the diff. of longitude. : | | pov 
Ex AM. The laſt 24 hours we have made 84 miles of northing, and 76 of 
eaſling ; we were yeſterday noon in latitude 52 40“ N., and are this non in 
latitude 54” 22 VM. I hat difference of longitude has the ſhip made? 


| By the TRAvEeRse TABLE. 
To the diff. latitude 84 and departure 76, the courſe is 429. | 
With the courſe 42* and diff. lat. by obſerv. 102, find the departure 918. 
The ſum of the two departures 76 and 91,8 is 167,8, its half is 83, 9. 
With dep. 83,9, and diff. of lat. by obſerv. 102, find the courſe 399, 
With this courſe and 171,6, the merid. diff. of lat. find 139, the dif, 
ong. 

84. Dr. Halley, having colteted a great multitude of obſervations 
made on the variation of the needle in many parts of the world, was 


Mord 
encou 
1746, 
liked 
ceivec 
cated 


riation of the compaſs in all the places over which they paſſed. in the year 
1700, the time he publiſhed the firſt chart of this kind, called the Varia- 
tion Chart. Conſequently, the longitude of any of thoſe places could be 
found dy the chart, having its latitude and the variation of the needle in 
that place given. | | . 
85. MeTrop III. To ind the longitude at ſea by the variation chart. 
Find the variation of the compaſs : for which ſee Article 28. 

Draw a parallel of lat. on the chart through the lat. found by obſerv, 

And the point where it cuts the curved line, which is marked with the 
Fariation that was obſerved, will be the ſhip's place. 

Exam. A ſbip finds, by a good olfervation, that ſbe is in the latitude 
1820 M; and that the variation of the compreſs 1 4* weſt : Required the 
ſhip's place. | EE. | 

Lay a ruler over 18,20 N. parallel to the equator, and the point where 
its edge cuts the curve of 4* weſt variation, gives the ſhip's place, which 


86. This method is attended with two inconveniencies. EE 
Fir, That wherever the variation lines run eaſt or weſt, or nearly 
ſo, this way of finding the longitude becomes imperfect. But this im- 
perfection is at preſent found chiefly on the weſt coaſts of Europe, be- 
tween the latitudes of 45% and 53˙3 on the eaſtern ſhores of North 
America, and in ſorge parts of the Weſtern Ocean and Hudſon's wes 
OT | tdthbele⸗ 


4 
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derefore, for the other parts of the world, a variation chart may be 
leemed of great uſe, | 8 | 

$7, But the variation curves, even where they run eaſt and weſt, may 
e ſometimes applied to good uſe in correcting the latitude, when meridian 
ſervations cannot be had, as it frequently happens on the northern coaſts 
of America, in the Weſtern Ocean, and about Newfoundland. For if the 
ariation can be obtained exactly, the eaſt and weſt curve anſwering to 
that variation on the chart will ſhew the latitude. —_ 

 Secodly, As the deflection of the magnetical meridian from the true 
me is ſubject to continual alteration, a chart to which the variation lines 
xe ſuited for any year, muſt in time become uſeleſs, unleſs new lines, 
hewing the ſtate of the variation at that time, be drawn on that chart. 
But as the change in che variation is very flow, if new variation charts 
yere pubiiſhed every ſeven or eight years, it would fully anſwer the pur- 

ſe wanted. | oe | „ 

88. Notwithſtanding the great uſe which Dr. Halley's Variation Chart 
forded to moſt mariners, yet it has been almoſt uſeleſs, for want of public 
encouragement to renew it from time to time. However, in the year 
1746, Mr. William Mountaine, F. R. S. and Mr. James Dodſon, pub- 
3. i liked a new Variation Chart, fitted for that year, which was well re- 
ceived; and feveral inſtances of its great utility having been communi- 
catedto them, they drew the Variation lines again for the year 1756, and 


i. | year following publiſhed the third Variation Chart. They alto pre- 
ſented to the Royal Society a curious paper concerning the variation of 
ons te magnetic needle, with a ſet of tables annexed, containing the reſult 
Was of upwards of fifty thouſand obſervations, in ſix periodical reviews, from 
WA i year 1700 to 1756, incluſive, and adapted to every five degrees of la- 
13 i ttude and longitude, in the more frequented oceans: which paper and 
cat ales were priuted in the Society's Tranſactions for the year 1757. 

18 The engraving of new plates on every publication of ſuch charts, is a 
Is charge too great for private perſons to incur ; and ſhould, like the Nauti- 


al Almanac, be done at the expence of the public ; eſpecially as the uſe 
fit is ſo eaſy, and ſo well ſuited to the knowledge and time of mariners 
m general. | „ 5 | | 


. ). MrHOD IV. To find the longitude by the help of a perfect time-keeper. 


This method is a mechanical ſolution of the following problem. 


The time in any unknown place, relative to the meridian of that place, being 
gen, to find what o'clock it is, at that inſtant, under the meridian of ſome 
inzon place; ſuppoſe London or Greenwich. | | 


If a clock or watch were ſo contrived, as to go uniformly in all ſeaſons 
ain all places; ſuch a watch, being regulated to London or Greenwich 
ume, would ſhew always the time of the day at London or Greenwich : 
ben the time of the day under any other meridian being found, the dif- 
krence between that time and the London or Greenwich time corre- 


= ponding to it, would give the difference of longitude. 
. That very excellent artiſt, Mr. John Harriſon, after more than 
2 7 = "thirty 
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thirty years cloſe attention to this ſubject, has diſcovered many curious 


Inventions to remove the irregularities to which all watch and clock. 4 
work were liable, that were conſtructed by the common methods, Hi 0 
inventions are ſo extraordinary, and ſeem ſo well adapted to remove e E 
imperfections of clocks, that the commiſſioners for the longitude grantel the 
him ſome conſiderable gratuities to enable him to bring his notions to the of tt 
deſired perfection. Experiments of his 'watch were made in the litter e 
end of the year 1761, and in the beginning of the year 1762, between 5 
Portſmouth and Jamaica; and although the refult did not fully come wil. 9. 
to the wiſhes of the public, yet it proved ſufficient to induce the con. 4 
miffioners to enable Mr. Harriſon to make a ſecond trial, between Port. MW. ©" 
mouth and Barbadoes ; which ſuccceded ſo well, that the commiſliones ll 7 
of longitude ordered him the ſum of 10,090 pounds, upon his difcloſinsMl- 
the mechaniſm of his WAT RH, to a number of proper perſons appointed 
to receive his communications ; which have fince been publiſhed, and fide 
watches of a ſimilar conſtruction have been made by other artiſts, which fert 
have ſucceeded equally with that which had been made by the inventor 93. 
himſelf. Mr. Harriſon has even improved his former works; and it i 
probable, that ſuch watches may hereafter become more common, and he the 
afforded for leſs than 1ocl. or a fourth part of their preſent value. tak 
But to whatever degree of perfection ſuch a movement may be brought, fol 
yet as every mechanic inſtrument muſt be liable to be injured by various | 
accidents, it is certainly to be wiſhed, that aſtronomical methods could be ne 
alſo ſo far improved, that the marine artiſt might be enabled to find his | 
longitude from time to time with ſufficient exactneſs by celeſtial obſer. 46 
vations. 1 | 233 To Dog Rn pa 
91. Various aſtronomical methods have been propoſed for finding the * 
longitude at ſea, ſome of which will hereafter be mentioned. 1 
Theſe methods chiefly depend on having an Ephemeris or Almanac di 
adapted to the meridian of ſome known place, ſuppoſe Greenwich, for th 
which the Nautical Almanac is fitted; which Ephemeris ſhall contain 
the Sun's place, right aſcenſion, declination, the times of the planets 4; 
paſſing tne meridian, as alſo the riſing and ſetting, the times of the | 
eclipſes of the Sun and Moon, together with thoſe of Jupiter's ſatellites; * 
the diſtances of the Moon from the Sun and ſome zcdiacal ſtars at cer- E 
tain times, for every day in the year; and, in general, the times when 
any other remarkable celeſtial appearances may be ſeen at the place for j 
which the Ephemeris is calculated. Then, as theſe celeſtial appearances f 
are ſeen nearly at the ſame inſtant of abſolute time from all parts of ibe 
Earth where they are vilible : by knowing the relative times of the day, 9 
wen ſuch appearances are ſeen in two diſtant places, the difference oil. | 
thoſe times 15 known, and conſequently the difterence of longitude be- e 
tween thoſe places. kts ; | 
92. METHOD V. By the Sun's declination. 
By ſome of the means ſhewn'in Book V. between the Articles 135M - F 
and 204, or by any other means, let obſervations of the Sun be taken | 
from which his declination niay be computed at thoſe times. | 
1 ake the difference between this computed declination, and that fo , 
the noon of the ſame day at London, as ſhewn by the Ephemeris ; from 


which take alſo the daily difference of declination at that time, and ſay, 


is 815 49/ to the weſt of the meridian of London. 


350 degrees to the difference of longitude. OY 
ExAM. Sup poſe from certain obſervations made on the 18th of April 1764, 
the Sun's declination ſhould be found ta be 11* 1& 4” Required the longitude 
of the place of olſervation. 5 | | 
On April 18th the decl, at London is 11 5/ 26” 
i "us it is 11 26 


Þ daily diff, is 20 39%, 


The difference between 11100 4” and 11 5 26” is 4/ 38”, 
Then 20/39“: 4 28/7: : 360 809: 464%, the diff. of long. eaſt of Lon- 
don 


Becauſe the obſer ved declination was greater than that at London. 


Had it been leſs, the difference of longitude would have been weſtward. 
Here a ſmall error in the declination computed, will make a very con- 

fderable error in the difference of longitude; and the method is only in- 
ſerted as a caution to beginners. | | 


93. MeTmopr VI. By the Moon's culminating. 
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A the daily — of declination is to the above-found difference; fo is 
the : | 


* 


Seek in the Ephemeris for the time of her coming te the meridian on Y 


the given day, and on the day following, and take their difference; alſo 


take the difference between the times of culminating on the iame day, as 
found in the Ephemeris, and as obſerved ; and ſay, | 


As the daily difference in the Ephemeris is to the difference between the Ephe- 


neris and obſervation ; ſo ts 360 degrees to the difference of longitude. 


For as the whole difference ariſes in a day, or by the running through 
3460? : of courſe any part of that difference will require a proportional 
part of 360 degrees; upon the ſuppoſition of. the Moon's motion being 
uniform during 24 hours, which it is not. | | 


Exam. Suppoſe at ſea, the Moon's center was obſerved to paſs the meri- 


dian on a certain known day at 57 minutes after one in the morning: Required 


the longitude of that place. 


In the Ephemeris I find the Moon's center paſſes the meridian of Lon» 
don on that day at Ih. 47m. and the next day at 2h; 31m. the diff. is 
44m, and the time obſerved is tom. later than at London. | 

Then, as 44m. : 10m. : : 360: 81 49'. Which ſhews that the place 

Here alſo a ſmall error in the time of the Moon's culminating, will 
produce a great error in the difference of longitude ; and this is men- 
tioned on the ſame account as the former method was. 


4 Mernon VII. By the eclipſes of Fupiter's ſatellites. 


On the day preceding the evening on which it is propoſed to obſerve the 
eclipſe, ſeek the time it will happen at London, in the Nautical Almanac. 


Let the difference of longitude between London and the place of ob- 
ſervation (known by the dead reckoning at ſea, or by the printed maps) 
be turned into time; and if eaſtward, be added to the London time of 


the eclipſe, but ſubtracted, if weſtward ; and it will give the time near- 

ly when the eclipſe is to be looked for in that place. But it will be 

proper to begin to obſerve 20 or 30 minutes ſooner ; and let the inſtant 

when the eclipſe begins or ends be noted, as ſhewn by a watch previouſly 

regulated to the time at the place of obſervation (58): then the difference 
2 


4 


between 
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between this time and the London time, converted into degrees, will ſhey 
the difference of longitude ; and if the London time be leſs: than the ob. 
ſerved time, the diff. of longitude is eaſt; otherwiſe it is weſt, _ 
95. The beginning of theſe eclipſes, called immer ſions, generally hap. 
pen on the weſt ſide of Jupiter; and the endings, called emer/ions, to the 
eaſtward of the planet ; and both happen at a very ſmall diſtance from 
the planet, ſeldom exceeding its half diameter. | | ME 


| in poll 
The belt obſervations for finding the difference of longitude, are thoſe 11 
made on the firſt ſatellite, or that which moves neareſt to Jupiter; but it daily 
ſhould be obſerved, that its emerſions are not viſible from the time of certai 
Jupiter's conjunction with the Sun, to the time of his oppoſition; and when 
the immerſions are not viſible from the time of the planet's oppoſition to then | 
the Sun, to the time of its conjunction. TEN. ed by 
Exam. Suppoſe by the Almanac for 1773, an immerſion of Fupiter's fir time 
ſatellite is 4 London on _— _ at 13h. w_ 75 . " [ 
by my dead reckoning, in longitude 72 deg. to the weſt of London; I obſerud 10 
on the ſame day the immerſion at 8h. 40m. 45/ſ. : Required the difference of ber e 
 dongitude. | | EEE EO En. of til 


The difference between 13h. 23m. 15f. and 8h. 40m. 45f. is 4h eh 
42m. Zoſ. | a 


And 4h. 42m. of. is equal to 70? 32/ for the diff. of log. weſtward, _— 


Th EE: ſerva 
96. The eclipſes of Jupiter's ſatellites may be well obſerved by one of truth 
Dollond's new achromatic teleſcopes, of three feet in length, or by a re- taken 
flecting teleſcope of about 18 or 24 inches focal length. As theſe eclipſes 
happen almoſt daily, they prove the moſt ready means of determining the 
lonpitudes of places at land, and by them the longitudes of ſea-coaſts may 
be better aſcertained than they are at preſent; and whenever Jupiter is to 
be ſeen, they might be applied at ſea, even oftener than they would be want- 
ed, could they be obſerved with ſufficient accuracy in a ſhip under fail, 


97. METHOD VIII. By eclipſes of the Moon. 


This is performed much in the ſame manner as by the Jaſt method, 

For if in two or more diſtant places, where an cciipſe of the Moon is 
viſible, the times of the beginning or ending are carefully obſerved, as alſo 
the times when any number of digits were eclipſed ; or when the Earth's 
ſhadow begins to touch, or to leave any remarkable ſpot on the Moon's 
face; then will the difference of the times, when the obſervations of like 
kind were made, give the difference of longitude between the places of 
obſervation. But theſe eclipſes happen too ſeldom to derive any general 
uſe from chem. | | | n 
98. MEeTHoD IX. By an occultation of a fixed flar by the Moon. 
An occultation of a fixed ſtar by the Moon is, when a ſtar, lying in the 
line of the Moon's motion, is eclipſed by that planet. 

The method of computing the difference of longitude between London, 
and a place where the time of the occultation is obſerved, is ſhewn in 
Halley's ARronomical Tables: and the method of delineating ſuch an 
occultation is ſhewn in De la Caille's Elements of Aſtronomy. | 

But the method of finding the difference of longitude by an occultation, 
is rather too intricate and tedious to become of general uſe at ſca. 


99. The 
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99+ The great Dr. Halley; and after him the Abbe de la Caille, and 
athers, have reckoned the beſt aſtronomical method for finding the longi- 
tude at ſea to be, when the diſtance of the Moon from the Sun, or from 
i Star is uſed : for the Moon's daily mean motion being about 13 de- 
rrees, her hourly mean motion is about half a degree, or 1 min. of a de- 
fee in two minutes of time; and ſo an error of one minute of a degree 
in poſition will produce an error of two minutes in time, or half a degree 
in longitude. And if by obſervation it is determined what part of ber 
taily motion the Moon has run through, during the interval between 

certain point of time under a known meridian, and the inſtant of time 
when the obſervations are made on her under an unknown meridian, 
then her daily motion at that time will have to the part thereof, determin- 
ed by obſervation, the ſame ratio which 24 hours have to the interval of 
time taken to deſcribe that arc. 5 Ef 


100. M. de la Caille, in the proſecution of his method, direts a num- 
her of obſervations to be made one after another, in which the interval 
of time is to be diligently noted : and obſerves, that many errors will be 
zpt to ariſe here from the inſtrument, the obſervations, and the calcu- 
ations, which muſt jointly affect the longitude deduced ; ſo that the moſt 
experienced artiſt ought not, in general, to expect on a fingle ſet of ob- 
frvations to find his longitude nearer than to two or three degrees of the 
truth. + He therefore propoſes, that each ſet of obſervations ſhould be 
taken by two or more obſervers at the ſame time; by which, from a mean 
taken between them, the longitude may probably be found within a de- 
gree and a Half; although it may happen, that by an extraordinary degree 
of diligence and ſkill, and by a-Jucky compenſation of errors, a reſult 
within a degree of the truth may be obtained. But the Rev. Dr. Maſ. 
kelyne, tne Aſtronomer Royal, who has had great experience in this mat- 
ter, recommends the ſet of obſervations to be divided among different 
perſons, each obſerving at the ſame time his reſpective part, and the 
tomputations to be made, either from a good Ephemeris, or from the 
beſt Lunar tables, ia which caſe the reſult may in general determine the 
longitude at fea within a degree of the truth = 


101. Since Sir Iſaac Newton's diſcovery of the true cauſe of the in- 
equalities iri the Moon's motion, which had from the earlieſt times per- 
plexed aſtronomers, attempts have been made to form juſter tables of her 
motion than before were poſſible to be effected; and here the late profeſſor 
Mayer of Gottengen has ſucceeded fo well, and his tables come ſo near 
the touth in every part of the Moon's orbit, that they may be confided in 
for determining the longitude of a ſhip at ſea, whenever the Moon is to 
be ſeen, within a degree at moſt ; which has been proved by a compariſon 
of the Tables with the obſervations made at Greenwich obſervatory by 
tte late Dr, Bradley, and by the preſent Aſtronomer Royal. 58 


„ . Preparatives 
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5 Preparati ves for finding the longitude. by an obſerved diſtance of | 
Moon from the Sun or a Star. Z 8 
10a. Firſt. To obſerve the angular diſtance between the Moon * any 
celeſtial abject, | : 1 | . 
„ I. Between the Moon and the Sun. ED 
© . 'Furn down one of the ſcreens, and hold the Hadley's quadrant fo, that 
Its plane ſhall paſs through the Sun and Moon: look at the Moon through 
the tranſparent part of the horizon glaſs ; and keeping her there, gently 
move the index till the Sun's image is brought into the ſilvered part of 
that glaſs : bring the neareſt limbs of both objects into contact, and let 
he quadrant librate a little on the lunar ray, by which means the Sun will. 


{ 
appear to riſe and fall by the fide of the Moon; and in this motion the 15 
neareſt limbs are to be made to touch one another exactly by moving the | 
index; when this is effected, the obſervation is completed, and the de. 
grees cut by the Vernier's ſcale will ſhew their angular diſtance. 5 
30% II. Between the Moon and a Star. | t 
If the Moon is very bright, turn down the lighteſt ſcreen, and dired 
the plane of the quadrant through both objects: look at the ſtar, as in x \ 
fore obſervation, through the clear part of the horizon glaſs : keep it h 
there, and, by moving the index, bring the Moon's image into. the (i. 1 
vered part of the ſame glaſs ; let the quadrant gently librate about the t 
ar's ray, and the Moon will appear to riſe and fall by the ſtar; between t 
the librations move the index till the Moon's enlightened limb is touched t 
by the middle of the ſtar, as by a tangent, and the obſervation is made. \ 
- . 0 
REMARKS. | 


104, The enlightened limb of the Moon is always to be brought into 
contact with the Sun or ſtar, even though the Moon's image is made to 
paſs beyond the Sun or ſtar, before the deſired contact can be obtained. 
Between the new and full Moons the enlightened limb is turned to- 
ward the weſt : and during the time from the full to the new Moon, the 
enlightened limb is turned to the eaſt. 

he obſerved diſtance of the neareſt limbs of the objects, is to be in- 
creaſed by the ſum of their ſemi-diameters ; but when the contact is ob- 
ſerved of their fartheſt limbs, by bringing one over the other, then the 
obſeryed diſtance is to be leſiened by the ſum of their ſemi-diameters. 
The ſtars have no apparent ſemi-diameters; but that of the Sun and 
Moon will be found in the Nautical Almanac for any given month and 
day. | N | 
The When the face of the quadrant is held upward, the motion of 
the index forward brings the right-hand object, by reflection, into contact 
with the left-hand one ſeen directly; and when its face is held dowi- 
ward, the like motion of the index brings the left-hand object, by te- 
flection, into contact with the right-hand one ſeen directly. | 
Therefore in north lat. the quadrant is to be uſed with its face up- 
ward, when the object to be ſeen by reflection is to the right hand, 
: | | or 
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or weſtward of that ſeen directly. But when the object to be ſeen di- 
rely lies to the weſtward of that to be ſeen by reflection, the quadrant is 
to be uſed with its face downward, | Eds. 


106. A readineſs in the uſe of the quadrant both ways, is to be obtained 
by practice only, which the learner may make familiar to himſelf by ob- 
ſerving the poſition of land objects; and to attain an accuracy in obſerva- 
tions let him ſelect 6, 8, 10, or more objects lying around his view; and, 
beginning with any one of them, take the angular diſtance of the iſt and 


26, the 2d and 3d, the 3d and 4th, and ſo on all round, ending with the 


laſt and firſt ; and the ſum of all theſe angles ſhould make 360 degrees. 
In a Hadley's quadrant of 15 inches radius, if the limb and the Ver- 


nier's ſcale are well divided, the meaſure of an arc may be read to thirds 


or quarters of a minute, with the aſſiſtance of a magnifying glaſs, 


107. Secondly. To correct the apparent angular diflance obſerved heteveen 
the Moon and any other celeſtial object: or to reduce the diſtance, obſerved at 
the ſurface, to what it would appear if obſerved from the center of the earth. 


It was ſhewn in Book V. Art. 66, that the apparent place, in which the 
Moon is ſeen in the heavens from the ſurface of the earth, is generally not 
her true place on account of the parallax ; ſo that her apparent place 
ſhould be corrected, as well for the error of parallax as for that of refrac- 
tion: the ſame may be obſerved of the Sun; but the parallax of the ſtars is 
too ſmall to affect their places ſenſibly, and therefore the refraction only is 
to be applied to them. Becauſe the apparent places of celeſtial objects 
want correction, their apparent diſtance does alſo ſtand in need of bei 
corrected, eſpecially where the Moon is concerned; how to do this is 


| ſhewn in the following precepts. 


1ſt, In the triangle formed by the obſerved diſtance of the objects and. 
their zenith diſtances, find the angles at each object comprehended be- 
tween the obſerved diſtance and reſpective vertical or azimuth circle. 


(IV. 154) 


2d. By the Almanac find the Moon's horizontal parallax at the time 
of obſervation, reduced to the meridian of the Almanac. 


it is to be added. | 1958 


5th. Alſo ſay, as rad. is to the coſ. of the ſaid angle at the Sun or ſtar; 
So is the refraction on its zenith diſtance to an error in diſt. 5 
Which is to be added, when the angle at the Sun or ſtar is acute, other- 
wile this error is to be ſubtracted. | 


EXAM. 
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Exam. I, Suppoſe on the 6th of Auguſt 1772, in a place 96 degrees y, 
the weſt of Pat? 4 5h, 36m. P. 47 by a watch, the diſtance of the neareſt 
limbs of the Sun and Moon ſhould be obſerved to be 68" v 24”, at the tine 
the altitude of the Sun's lower limb is 31* 44' 12”, and the altitude of thy 
Moon's lower limb is 23* 44/ 12”, the height of the eye above the water he. 
ing allowed for: Required what would be the true diſtance of the centers f 
the Sun and Maon. — 


By. the Almanac, the ſemi-diameters of the Sun and Moon at that 

time will be found to be each of 15/ 48/7. Hence the apparent altitude 

of the Sun's center is 32?, of the Moon's center is 24”, and the apparent 
_ diſtance of the centers is 68? 427. 


Alſo 96* W. is 6h. 24m. to which 5h. 36m. being added, give 120 
P. M. at London; and the Moon's horizontal parallax at the given Lon- 
don time is 58“ 39“ = 58, 65. | 


Given the Sun's zenith diſtance 58 
the Moon's zenith diſtance 66 
the diſtance of their centers 68 42. 


* Required C of poſition at the 9. Required the C of poſition at the ©, 
68 42 [Working by Art. 154. B. IV. 68 42“ Working by Art. 154. B. IV. 
66 o 'L's, 680 42“ o, 03073 58 o L's, 680 42 o, 0307; 
58 o |} EL, 66 0 0, 03927 60 o 1 75 58 _ Top 0,07158 
2 42 Ls, 30 21 _ 9,70353|10 42 Ls, 38 21 9,79272 
60 42 |30*21'Ls, 27 39 9,66658|70 42 |35%21'Ls, 27 39 9.66658 
55 18 27 39 | 19.441168 18 3 . 3 19,50161 
4 31 39% 972005 „ 37 # 9.7806 

E. at the moon = 63 19 N at the Sun = 74 16 


. 5 E Rad. "0 10,00000 
Lor, Þ's alt. 24 9,9607 3 — 
So horizon. paral, 58 65 1,76827 
| „ Io paral. in alt. 358 1.72900 
| De duct refraction = : 2 


1 Error in alt. 51,28 
As Rad. ST 10,00000| As Rad. | 10,00000 
To FE 2. at D | 63® 19/ 9.652300 TO, Z. at © © 74 16“ 9,43323 
So error in alt. 51, 28 1.20995 So error in refr. 1,8 0,25527 
To error in diſt. 23, 3 1, 36225 To error in diſt. o, 488 1,688;0 
Which is ſubtractive. Which is to be added. | 


Now 23,03—0,488=22,54=22' 32” Subtractive. 
Then 68% 42—0? 22' 32"=68® 19 28”, Which is the true diſtance of the 
| renters of the Sun and Moon at the time of obſervation, as would be ſeen at 
the Earth's center, | N 


rr 6mũ . —.—— — 


Ex AM. 
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FxaM. II. Suppoſe in the year 1762, in latitude 32 12 N. and longi- 
nde 38 30 V. of Greenwich by account on May gth, at 12h. 34m. 19, the 

parent diſtance of the flar Spica Virginis frem the Moon's center was ob- 
ſerved to be 5 1287 35”, and at bo rr time, the apparent altitude of Re- 
gulus was 24* 48, and that of the Moon's center was 12* 300 Required the 
trae diſtance of the ſtar from the Moon's center. oy 


THE WORK. 


$1* 29 , 10656 e 8 Eo o, 10656 
5 $225 — I 77 30 o, oioꝗ4⁊ 
13 43 1 
3 65 12 
91 1345 367 9.85404 91 13 45* 367 9.85404 
63 47 31 831 99722899 39 11] 19 352 9.52545 
| paces | 1 19, 49647 
46 487 , 9,86275 34” 37 9.74823 
93 37, $,79999] © 12 30" 9.98958 | 5,638 7 9.57138 
123“ 2,08990] 56,25 1,75012| 50,72 170518 
7,70 o, 88980 54.92 1,3970 1854“ 1,2766 
| 20. 0 74 1 
50, 2 | | 19 01. 


App. diſt. 51 28 35 


| | True diſt. 51 9 33 

The precepts by which theſe examples are worked are derived from 
principles ſhewn in the Appendix; but the operations may be fomewhat 
ſhortened, thus: Ft | Ry | „ 

In a triangle with the three ſides, viz, the two apparent zenith diſ- 
tances, and the apparent diſtance of the centers, find the difference of 


azimuth. | 
With this difference of azimuth, and the corrected zenith diſtances, 


find the true diſtance of the centers. | | 
This work may be done very compendiouſly by the following precepts, 
from Book IV. Art. 253, 255. | | 


108. A compendium for finding the true diſtance between the Moon and Sun, 


or Star, from their obſer ved altitudes and diſtance. 
| PRECEPTS | | 
iſt, To the Arith. Comp. of the log. fine of half the apparent diſtance; 
add the log. ſine of half the diff, of the apparent altitudes ; the ſum 
is the log. ſine of a firſt arc. w | 
2d, To the log. fine of half the apparent diſtance, add the log. co-ſine 
| of the firit arc, reject radius, and the ſum is the log, fine of a ſe- 
cond arc, | | | 
3d, Add together twice the log. fine of the ſecond arc, and the Arith. 
Complements of the log. Co- ſines of the two apparent altitudes, 


their ſum is the log. of a third arc. 
| 4 4th, 
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Ach. To the log. of the third arc, add the log. co-ſines of the correh 
Altitudes, the ſum is the log. of a fourth arc. 
Sth. From half the log. of the 4th arc, take the log. fine of half the 
diff. of the corrected altitudes, there remains the log. tangent of 
| a 5th arc. 3 
6th. From half the log. of the 4th arc, take the log. ſine of the ct 
| arc, and there remains the log. fine of half the true diſtance, 
| Theſe precepts being expreſſed in the following ſhort way, may aft 
the memory, and render the operation more eaſy. ThE 
1ſt. L , Zap. diſt. + Ls, f diff. ap. alts. L, It. arc, 
2d. Ls, Z ap. diſt. + L,s, 1ft. arc 1 =L,s, 2d. arc, 
3d. 2L,s, 2d. arc ＋ Ls, one ap. alt. + L,, oth. ap. alt. L, 3d. arc. 
Ath. L, 3d. are L,, one cor. alt. +L,s, oth. cor. alt. =, 4th. are. 
Sth. ZL, 4th arc — I,, 2 diff. cor. alts. : =Lzf, th. arc. 
Sth. Z L, 4th arc —L,zs, 5th arc = l,, Z cor, diſt. 
Applying theſe precepts to the preceding examples, the work will ſtand 
in the following order. | 1 


Exam. I. (See page 298) Here are given the apparent altitudes of the 
centers, viz. of the Sun 325 4 the Moon 24%; and their apparent diſ. 
tance 68* 42/; and the Moon's horizontal parallax 58' 3 : Required th; 
true diftance. I „ 5 9 
Dift.=68? 42/; itsI—=34*21|Alt. 9: cuz” of ol =24 o' & 
Ap. alt. © =32® Refro — = 1 31 Refr— — 2 5 
Ap. alt.) 224 TI Cor. alt. O =31 58 29 Alt. cor. 23 57 53 

Diff. = 2 diff. 4*®. Cor. alt. D 224 31 22 Paral. + = 53 391 

| | Diff. cor. alts. = 2 6 57 Cor. alt.) =24 51 32 
2 Diff. cor. alts. = 3 33 28 | | 

. 1 ft, = 34 21 0924853] 9,75147 15, 2 diſt. 

1.5, E diff. ap. alts.- 4 © 884358] - 
Lys, Iſt. arc. 9.092110 9,99666 L,s, 1ſt. arc. 
| | | 9.74813 Lss, 2d. arc. 

9.743813 L, 2d. arc. 

o, 7158 „, O alt. 320 
_2:03927 1, alt. 249 
19,6071 1 L, 3d. arc. 

9.92854 ,, O cor. alt. 310 582 

9.05778 L,s, ) cor. alt. 24 5 1% 

| ? | 3949343 L, 4th. arc. 
2 Lys, Ack. arc. 19,7467 119,746 1421, 4th. arc. 


. L, 5th. arc. 9,9973310, 95394 L, t, sth. arc. 


1 58, 4 cor. diſt. 34% h 44“ 9.74938 
True diſt. ==08 19 28 | 


1 8 * 


* The refractions are taken from table, art. 55. 
+ The parallax is taken from table, art. 56. | MW, 
But the parallax in alt. may readily be found by the Gunter's ſcale, thus: 
The extent, on the ſines, from rad. to the co-fine of the alt. 
Will reach on the numbers from the hor. par. to the paral. in alt. 


8,70277 L, diff. cor. alts. 3 3328 


Ex AM. 


af ro 
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- | 5 P 
4 the Sun's alt, 5 O,; the Moon's alt. 30 O.; and her horizontal parallax 
bo of : Required the true diſtance. 1 5 "£2 
e Now rad. : 5, 30? : : 60: 510 58“ Spar. in alt. by Gunter's Scale. 
f Dit. = 85% O' its $==42* 30, jo o Cf EY 
p's alt. == 30? O0 of — ¼ , 
6 O's alt 5 00 | "<4 £0 z9 22 
nn | 30 % 20; 4 of 
1 N = 25 90 | . _26 0 14 30 50 20 
„% ͤ & = o, 17032 982968 1, 42 30 
I, 12 30 ©-33534] : 
1,5, Iſt. arc 9.50566 9-97048 1%, 1. arc 
. | 9,8061565 Ls, 2d. arc. 
: | 8 9, 80616 Ls, 2d. arc 
g . | | 1 0,06247 1s, 300 of 
0,00100 Ls, 8 &-. 
Pu 19,067645 L, 3d. arc 
F | 9:99845 ,, 4 50 
4 | 1293389 ,, 30 50 
7 | 39,60870 , 4th. arc 
21, 4th. arc 19, 80435 [19,80435 FL, 4th. arc 
, | IJ 9-35215 Lys, 139 o 
| Ls, 5th. are . 2 Sch. are. 
Diſt. 42 31 15 9.82985 
b 85 2 30 the true diſt. . 
Ex AM. III. Suppoſe the apparent diſt. of the Moon and a Star was 5 10 287 
350; the Star's altitude 24 48/ ; the Moons altitude 12? 30, and her ho- 
r1zontal parallax 56' 15/' : Required the true diſtance, 
Diſt. 51 28' 35”; its I=25% 44 174 X 24 48“ Oo” » 129 3& of 
Ap. alt. X 24 48 55 1 — 8 
D 12 30 Le 1 246 4x $2 . 
Diff. 8 . 13 20 48 4 55 0 
2 diff. © q ap. alts. | e 13 20 48 
„ 5 42 342 =! diff. true alts, 
% 25 4% 1“ 0,6226 9663774 Ls, 25 44" 173” 
LAS _ 202992 : 
571, Iſt. arc. | | | 9,39218; . 9,98636 LS 3 1ſt. arc 
| | 9,024i0 L,, 2d. arc 
9,62410 Lzs. 2d. arc 
|. 0,04202 1, 24% 48 
|  |-0,01042 L1#,, 1 
{19,30064 Ls, 3d. arc 
9.95810 Ls", 24? 46' 
| 9,98810 Lys, 13 21 
1 3924084 1, 4th. arc 
| | 19,62342 FL, 4th. arc 
21%, 4th, 3 19,2342 8,9977 5 i, 5 42 3 if 
A . | 7 0 fr, © 
L,s, 5th. arc - 9,982816 . 
z Diſt, 28. 34. 80. 953526 
= Bn | 
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Ex Axt. IV. Let the apparent diſtance of the Moon and a Star be 1029 30) 
the Star's alt. 15* 25/ ; the Moon's alt, 270 30“; and her hor. par. 5 35 
Reguiręd the true diſtance. 5 | 


Diſt. 102 30“; its 2251 15}. * 5* ng: 8” » 27 30 0. 
Ap. alt. K 15% 25 7 — . 1 9 
. THT 27 0 1 
_ i I | 28 i8_47 n 
x diff. 6 22 ap. alts. | t2 03 13; 28 18 47 
* a | | 6 28 36 D diff. true alts, 
5, 51 15 0, 10797 9, 89203 1, 5 15 
Lys 6 2x 9,02223] | t 
Lo, ift are 5 9,1 3020 9.99601 L,s, iſt. arc 
9,88804 Ls, 2d. arc 
9,88804 Ls, 2d. arc . 
o, 1501 L, 159 25/ * 
o,o 207 Ls, 27 30 
19,8440 L, 3d. arc 
994466 L,s, 28 182 
| 9.98420 Ly, 15 213 | 
2227225 Lz 4th. arc 8 
1 . are 10,886 19, 88640 5 L, 4th. arc : 
I! y 4th 8 | 9 46 05223 1. 5, 69 283” 
L.. 5th. arc | | 9,995 39} 1953423 L, 5th. Arc. 
SD zee $51.36” 9.89107] 
Diſt. 102 11 12 l 


109. But of all the methods which have yet been thought of for reducing. 
the apparent diſtance of the Moon from the Sun or a ſtar to the true, the fol- 
lowing one, derived from that invented by Mr. Mitchell, late head maſter of 


Th 

the Royal Academy at Portſmouth, and printed in the Nautical Almanac Co 
for 1772, is perhaps beſt adapted to the diſpc ſition and capacities of ſeamen dul 
in general; as it is very ſhort, requires the logarithms only to four places M 
of figures beſides the index, which may always be taken out at fight with- MW 
out making any proportions, and yet the reſult will be ſufficiently exact. Di 
2 PRECEPTS. | AF 

iſt. From the Sun's refraction (55) take his parallax in altitude (V. 319.) Fi 
and the remainder will be the correction of the Sun's altitude. The cot- de 
rection of a ſtar's altitude is its refraction. wy Ce 
2d. Take the proportional logarithm of the Moon's horizontal parallax Ti 
out of the Nautical Almanac, increaſe its index by 10, and ſubtract the log. Ti 


co- ſine of the 's apparent altitude from the ſum : the remainder will be the 
proportional log. of her parallax in altitude; from which take the Moon's 
refraction (55), and there will remain the correction of her altitude. 

3d. Add the Sun's apparent altitude to the Moon's, and take half the 
ſum : ſubtract the leſs from the greater, and take half the difference. 
Add together the co-tangent of the half ſum, the tangent of the half dif- 
ference, and the co-tangent of half the obſerved diſtance : the ſum, reject- 
ing 20 from the index, is the log. tangent of an arc a, 

4th. When the Sun's altitude is greater than the Moon's, take the dif- 
ference between A and half the apparent diſtance ; but if the Moon's al- 
titude be greateſt, take their ſum ; and to the co-tangent of this ſum 
or difference, add the co-tangent of the Sun's apparent altitude, and the 


1 | proportional 
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proportional log. of the correction of the ſun's altitude; their ſum, when _ | 

20 is rejected from the index, is the proportional log. of the firſt correc- 

tion of the apparent diſtance. 1 ü 

th. If the diff. of arch a, and half the apparent diſtance was taken in 

the preceding article, take now their ſum; but if their ſum was then 

taken, take now their difference, and to the log. co-tangent of this ſum or 

difference, add the log. co-tangent of the moon's apparent altitude, and the 

proportional log, of the correction of the moon's altitude: the ſum, reject- 

ing 20 from the"index, is the proportional log. of the ſecond correction. 

| 6th, If the arch A be leſs than half the apparent diſtance, the firit cor- 

region muſt always be added to, and the ſecond ſubtracted from, the ap- 

parent diſtance. But when the arch A is greater than half the apparent ns 

diſtance, both the firſt and ſecond corrections muſt be added, if the ſun's 

altitude be leſs than the moon's ; but if the moon's be leaſt, both muſt be 

ſubtracted, to give the corrected diſtance of the ſun and moon. To 
7th. Add together the proportional log. of the ſum and difference of 

the correction of the moon's altitude, and the ſecond correction of the 

obſervec diſtance, the log. tangent of the corrected diſtance, and the con- 

fant log. 1, 5820: the ſum, rejecting 10 from the index, is the propor- 

9 tional logarithm of the third correction; to be added to the corrected 

diſtance when it is leſs than 90, but ſubtracted when it is above, and this 

gives the true diſtance required. - 
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Exam. I. (See page 300 and 302.) Given the apparent altitude of the 
Sun's center 322, that of the Moons center 24, and the apparent diſtance of 
their centers 68 42/, when the Moon's horizontal parallax was 58' 39 : 

fg Required the true diſtance. 7 | 3 
The refr. on the ſun's alt. 31” | The 's hor. paral. 58 39” P. L. 10, 4870 
of The ſun's paral. in alt. o 8 | Moon's app. alt. 24 oo' col. 99607 


oc Correct. of the ſun's alt. 1 23 l Moon's par. in alt. 53” 35 P. L. o, 263 
n Sun's app. alt. 320 oof Re fraction 2 
0 Moon's app. alt. 24 oo Correct. D's alt. 51 28 
* dum 56 oo half is 280 O0 co-tang, 10, 2743 
5 Difference 8 oo half is 4 00 gang. 8.8446 
App. diſtance 68 42 oo half is 34 21 co-tang. 10,1053 
.) Firſt correction + 222 Arc a lo 53 tang. 9,2842 
- Second correction — $3 $6 D 23 28 co-tang. 10,3024 
Correfted diſt. 68 19 162 Sun's alt. 32 oo co-tang. 10,2042 
aX Third correction 72 Corr. O's alt. 1“ 23“ P. L. 2,114.3 
4 True diſtance 658 19 24 Firſt correct. © 224 P. JL. 2,6809 
% | Sum 4514 co-tang. 9,9965 
Moon's alt. 24 oo co-tang. 10,3514 
Corr. Ds alt. 517 29“ P. E. 0, 5437 
4 Second corr. 23 6 P. L. o, 8916 
. Sum 1% 14 34” P. L. 0,3827 
* Difference 28 22 P. L. 0,8024 
| Corrected diſt. 68? 19“ tang. 10,4005 
f Conſtant logarnhm _1,5820 
i „ Third rr. - 4B WM 3.1079 
"a Vor. IL, Aa EXAM. 
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App. alt. » 120 30” | y*% refraction 4 12 
App. alt. * 24 48 Corr. J's alt. 50 43 
Sum e 18% 30f „ 10,471 
Difference | 12 18 half is | 6: 9 * — 
Obſerved diſt, 51 28 35” half is W 19,3170 
Firſt correction — 8 Arch 4 33 31 # 9.8211 
2d correction — 18 54 Difference 7 7 10,8643 
Corrected diſt. 51 g 33 Star's alt. 24, 48 7 10,3353 
34 correction + 1; & s refract. 2 3“ P. L. 1945; 
True diſtance 51 9 48 1 correction o 8 P. L. 3.1431 
2 dan, ʒͤöü )!; ͤ 
Note. The true diſtance, DÞ's alt. 3 „ 10,6542 
computed with the utmoſt ex- Corr. Ds alt. Fo“ 43“ P. L. ogga 
actneſs by ſpherical trĩgono-- 2d correction 18 54 P. L. 059789 
metry, is 519 54. ä Sum | 09 37 EF. Ls 804125 
Difference 31 49 P. L. og 
| Corrected diſt. 51 10' 10,0941 
Conſtant logarithm 1,5820 


Exam. II. (See 301 and 303.) Let the apparent diſtance of the Mun 
and a Star be 51* 28/ 35”, the Star's altitude 24* 48', the Moon's altitude 120 
30%, and her horizontal parallax 5600 15” : What is their true diftance ? 
The refract. on the & 's alt. is 2 3” [I's hor. paral. 560 15” P. L. I9,50c1 

5 Ds app. alt. 12% 30' , 29856 
9's par. in alt. 54 55 œP. L. 95155 


3d correction o is . "as 


ZxAM. III. Let the apparent diflance of the Moon and Sun be 102 305 
the Sun's alt. 15 25% the Moon's 27 30, and her horizontal parallax 57 
o3“ Required the true diſtance. 


Refraction on the ſun's alt. 3“ 25” b's hor. parall. 5“ 03” P. L. 10.4990 


Parallax in alt. (V. 319) 8 | )'s app. alt. 27? 30 9.9479 
Correction of the ſun's alt. 3 47 | J's parall. in alt. 50 36” P. L. 0.5511 
App. alt. 279 30 I d's refraction 149 
App. alt. © | Ye 25 Correct. J's alt. 48 47 
Sum {42 $8 - The half 1s 1060. 
Difference 8 The half is . 9,0240 
Obſerved diſt. 102 30 The half ie? $3 ng © 9.9045 
Firſt correction + 1 49 The arch a 1 11 # 9,334? 
ad correction — 20 37 The ſum EE 955990 
Corrected diſt. 102 11 12 The ſun's alt. is 25 © 1055% 
zd correction =: Correct. & alt. 3 1 -P.L. 17300 
True diſtance 102 11 8 iſt correction 1 49 P. L. 1,997 
. The difference 42wW" 4. £© "10,0906 
The I's alt. 87 8 10,2835 
Correct. Ds alt. 48“ 47” P. L. 045670 
2d correction 2 . 0,9411 
Sum | . v6 
Difference 28 — . — 
Corrected diſt. 102 11' 7 10,6657 
Conſtant logarithm 1 1.3820 
zd correction o 4 P. L. 3,4071 
1 SECONDLY: 
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110. Tf nd the tini⸗ at which two propoſed celeſtial objects may be ſeen 


yt a given diſtance ;, if obſer ved from the center of the Earth under the meri- 
dan for which an E phemeris i is calculated. 


ln the Nautical Almanac there are, ready computnd, the diſtances of 
the enlightened limb of the moon from the ſun, or from certain fixed 
lars every day, at the hours 3; 6, 9, 12, 15, 18, 21, and at noon. 
*D herefore ſeek in that Almanac amongſt the computed digances of the 
ſed objects on the day given for the given diſtance, which if found 
thete, the time is there alſo, - 
But if the given diftance falls between two computed ones, A, B, (as it 
el, will) the e N time 1s to be found by proportional parts: 


sing; As the difference. of the computed diſtances A, B, 
Ts'to the difference between A and the gi ven d eftance z 
Sorare three hours of time, 


Ta the proportional tine to be added to that f the di i/ance A. 


Exant At what time on the 21 of uh, 17735 will the di ne between 
tle Virgin's ſpike and the Moon's enlightened limb, be equal to 54 56%, a 
ſem from the center of the Earth under the meridian of Greenwich? 


On the 21ſt of July the given diſtance falls between the computed 


I diſtances at gh. and at midnight, viz. between A=55* 31” 30%, and 8= 


3; 517 53“ fo that the time is between gh. and 12h. P. M. 
The difference between A and B is 1: 20-37” 2577“, and the Giffer= 
ence between A and 54* $62 15 *. 3355 Ty ©2524”; 


Then 5977” : 21157: : Zh. : Ih. zm. 50. 
And gh. + Zm. 591. =10h. 80 59. the time required. 


rex. To fond the ungerade b e * on the altitudes - the 
Moon and Sun, or Star, and of their di Mance. 


PR ECEPYT S. 


" Let the watch be adjuſted to true time, or its error found, a few 
hours before or after the time of obſervation. (58) 
2d, Let three perſons, each having a good Hadley's ä make ob- 
ſervations; one taking the apparent angular diſtänce of the moon 
from the ſun or ſtar; another taking the altitude of the moon; and the 
third, taking the altitude of the ſun or ſtar, "Theſe obſervations are ta 
be made at one and the ſame time, which another perſon 1s to note by 
the watch. (44. 102) 
zu. Let the obſerved altitudes be corrected for the centers of the objects, 
and then the diſtance be corrected by parallax, &c. to have the true 
diſtance of the centers. (108. 109) 
4th. Find the time at Greenwich, when this true diſtance happened. (110) 


Sch. The difference between the Greenwich time and the ſhip's time, is the 


difference of longitude. 
Aa 2 The 
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The beſt times of the day for taking the diſtance between the moon and * 

ſun, is from about half an hour after ſun- riſe to about ten o' clock in 1 

the forenoon; and in the afternoon nearly from two o'clock to half 1 
an hour of ſun-ſet; becauſe the apparent time may then be derived 
from the attitudes of the ſun taken with the diſtance, in which caſe the 

watch is not neceſſary, If a watch be uſed, the altitudes. fot regu- 

lating it may be taken during any part of theſe intervals, and the Non 

diſtance, &c. at any time whatſoever, from half an hour after ſun A 


riſing, to half an hour before it ſets. e | 7 
Theſe obſervations may be taken during the four days preceding the 
moon's firſt quarter, and the four days following the laſt quarter; 1 
which make eight days in each lunation, or about a fourth part of the A 
time between new moon and new moon, with a quadrant; but with : 


a ſextant for the four days preceding, and the four days following the 


quadratures alſo; that is, 15 or 16 days in each Junation. | Nos 
The beſt time for making obſervations between the moon and ſtar, is 0 a} 
during the evening or morning twilight; or when the ſea, horizon can * 
be ſeen diſtinct enough to take an altitude ſufficiently accurate; and Dif 
when the moon has between 5* and 15? of altitude, or not exceeding 10 


20; although any altitude may be uſed with a diftin horizon. | 
Chooſe a known ſtar to the eaſtward or weſtward of the moon, lying 
nearly in the line of the moon's path; that is, in a right line conceived 
to paſs through the moon's center perpendicular to the right line W's 
joining her cuſps, or horns : but between the full moon and her qua- 
dratures the direction of her ſhorteſt diameter points out. her path. 
The diſtance of the ſtar from the meridian ſhould be two hours at 
leaſt, but a greater diftance is better, if the apparent time be deduced 
from it; but if a watch be ufed, and the apparent time be deduced 
from other altitudes, this is not material; and the ſtar's altitude ſhould 
not be leſs than 5 degrees. | = 
If two, three, or more ſets of obfervations be made, as near to each 
+ Other as poſſible, and the means of the times by the watch, of the 
diſtances, and of the reſpective altitudes, be taken, theſe means may be 
eſteemed a ſet of obſervations more to be depended on than any ſingle 
ſet : or the Jongitudes may te computed to each ſet, and the mean ol : 
the reſults be taken for the true longitude. 5 | 3 
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Exam. I. Being by account in latitude 40 NM. and longitude 28 V. of 
Greenwich, on the 24th FA Fuly, 1772 ; the watch being well regulated to 
parent time, and the Hadley quadrants well adjuſted, the diſtance between 
the neareſt limbs of the Sun and Moon, and the altitudes of their _ limbs 
were obſerved as follows, the height of the eye being allowed for : equired 
the ſhip's true longitude, =» | 

Time 21h. 24m. * Sun's alt. 48% 41/, Moon's al-. 8* 10' Dift, 600 43 


21 '26 - 48 $9-- _ 8 40 60 44+ 
Means 21 25 48 50 8 25 60 44-_ | 


Now Sh. time 21h. 25m. P. M. + Th. 5 zm. W. zh. 17m. P. M. at Greenw. (57) - 
At this time by almanac, the ſun's 3 diam. = 157 48” ts 1 O 
Moon's Z diam. = 15 14. 1 m 31 Os: 

„ Aer hor. parallax = 55 54 

Then 60* 44/ + 31/ % = 61150 02/ the apparent diſtance. 

And 48 50 +15 48 = 49 5 48 the alt. of ſun's center. 

And 8 25 +15 14 = 8 40 14 the a't. of moon's center. 

Alſo rad. : £ 8 : : 55/54“: 55 10“ the par. in alt. by the Gunter. 
Now diſt. 61 15” 2” itsz 0 37 31/ D alt. 499 5'48” P alt. 8 40“ 14 
© ap. alt. 49 5 48 Ref.— 49 — 6 1 
) ap. alt. 8 40 14 12 49 1 49- -: 8 34 13 


Ol ——_— 


Df. 40 8 0 9 29 23 Part. + $5 16 


1 188 ß 


Diff. 20 12 47 of app. alts. Diff. 39 35 36 9 29 23 
| 19 47 48= diff. true alts. 


lo 3 qr nn” 0,29292 970708 ,s, 300 37 31” 


Lys, 20 12 47 9.53840. 
ls 17, arc 9.83133 | 9.86619 r,”, 1ſt. arc 
| SN 957327 Ls, 2d. arc 

9.87327 Lys, 2d. arc 
0,18389 L',s, 49 5" 48” 
0,00499 L's, 8 40 14 
11933542 L, 3d. arc 
9,8 1621 1, 49% 4 59" 

2.29401 Lys 9 29 23 
3914504 L, 4th; arc © 


; | n 11 282 21 4th, arc. 
36% 4th arc 19,57282|19457282 21 4th, 
* | 5 = 9,52979 ., s, 19? 47 483” 
Ly, gth arc 9.86993 194043093 L,?, 5th, 
1 Diſt, 30 18 — <7 02891 ; 


89 36 the true diftance. 
Again, by the Nautical Almanac 1772. 


The diſt, at 21h. is 61* 37” 35”=a. And 619 37 35 2 (109) 
| 24th. is 60 11 37 =B. 60® 36: o at ſhip. . © 


FF 35 =61' 35” 


Now (I. 40) 85' 58” =85,906; and 61' 35” =61,5833 


Then (I, 46) As 85,96 : 01,583 : : 3h. : zh. 8m, 56. time above A. 


21. time 4. N 
Greenwich time 23 08 56 | * 
Ships U . 
True diff. longitude | PR "63. 5 
By account diff, long. 1 52 


Error: $4558 i. 
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Exam. II. Suppoſe in 1773, Nov. 6th, at 145. „Fm. 14/. app parent 


time; being by account in lat. 480 19'S. ung 
talen between Aldebaran aud the Moon's 
the Star's alt. 25* 1O/ ; the alt. of the 4 


guired the ſhip” s true longitude. 


116* 15' E. the obſerved dj. 
fartheſt limb ſhould be 58, 300 13 
on's e. limb 827 50%, N.. 


Now Sh. time 14h. 15m.14f.P.M —7h. 45m. Eh. zom. 140. at Greenw. 6 
At this time p's ſemi-diam.=15” 10” ; and hor. parallax 55 40” by Alnay, 
And 58* 30/ 15/—15/ 10/0 = 58 15 5“ the apparent diſtance. 
And 8 2 50 +15 * nn alt. of ) s center. 


Then diſt. 58% 15“ 5”; its 222297 32”, & 25 10% © D 80 18 oo 
pak. 2c to | | _ _ 0 
J's alt. = 8 18 | EW 8 11 4; 
Diff. = 16 52 "0 0-43." +0 
1 diff. = "326 Ee” EE 9 by 
. | 5 A o 38 diff. true alts. 
"ey © 2 O0,31271 „68728 Lzs, 2 . 
_ 72 4 27351 9987 gf 7 3 
Ls, firſt arc | 9.4793 | 9297934 L258 ift. arc 
ME | 9,66662 Ls, 2d. arc 
9,66602 75 2d. we | 
0,04332 L's, 25* 
| 0,00457_ Ls 8 18 
1938553 "BY 3d. arc) ; 
9.95680 1, 25 08 
1.999448 ,, 9 7 
| | 39933241 _ "1 4th. arc 
IA, 4th. arc 19,66620 19,66620 7 2 1, 4th arc 
- | 9214412 Ly, 80 of 38” 
I, 5th. arc 2˙928123 10, 52208 1, f, 5th. arc, 
2 Diſt. 28? 82. 22" 9.68497 . 
57 1 44 the true diſtance. | 


| Now here is given the ſhip's time 14h. 15m. _ and the 
Corrected diſtance between the Moon's center and Aldebaran 57*54 440 
Required the ſhip's longitude. 


By the Nautical Almanac: The diſt. at Gh. is 57% 38' 35” a 57 38˙ 35” a.(169) | 


The diſt. at gh, 59 11 43 B57 54 44 Ship. 


133 8089380169 
Now (I. 01 93' 8” =93s 133'; and 16 9 216, 11. 
Then (I. 46) As 93, 133“; 16,15; ; © 3h. : oh. 3am. 13. time above A 


6h. time A. 
Greenwich time 6 31 13 
Ship's time 14 15 14 
True diff, heads 7 1 
Diff. long. by account 7 4s | 
Error 59 2144 Eaſt, 


Ex Ax. 


44 
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Ex AM. III. Szppeſe on the 13th 7 April 1772, on board a Ship in lat. 
5M. and long. 50% V. of Greenwich by account, with a watch and inſtru- 


ments well adjuſted, the following obſervations were taken of the Star Pollux 
and the Moon's neareft limb, then to the eaſt of the Star, the height of the eye 


ling allowed for: Required the Ship's true longitude, 


Tine gh. om. P. M; Alt. 9's lower L. 16 45“ o.; Alt. & 54 5053 diſt. 4512. 


8 | 16 15 30 84 20 45 14 

9 14 15 45 0 53 50 45 16 

27 21 Sum 48 45 30 Sum 163 oo Sum 135 42 
Mean g 7 P. M. mean alt. Y 16 15 10 & 4 20 45 14 


Now Sh. tim. gh. 7m. P. M. I zh. 20m. W. =I zh. 27m. P. M. Gr. tim. (57) 
At this time by Alman. the B's ſemi-diam.—16' 26” | | 
5 | and horiz. parallax=6o 18. 
Then 45 14/ +167 2670 = 45? 300 26“ the apparent diſtance. 
And 16 15 10+10/ 26// = 162 31“ 36“ the alt. of the Moon's center. 
Alfo rad. : S 16% :: 60/0 18“: 57” 15“ the paral. in alt. by the Gunter. 
Now diſt. 45 30˙ 26“; itszis 22 45/ 13” X 54 20 o » 16 31" 36% 


' ap. alt. 54 20 oO” Ref.— 41 — =T 
SE alt. = 36 | N 54 19 19 >". 10-230 26: 
E „ os 
Diff. 18 54 12 ap. alts. Diff. 30 23.39 +1 37 2-40. 
0 | 18 26 5 a diff. true alts. 
"Loh: 3% 48 1 0,41254 9.58746 Ly, 229 45 13" 

Ly, 18 54 12 grocer = 
4s, 1ſt. are 9792304 923247 Ls", iſt. arc 


9.32493 L,, 2d arc 
9.32493 Ly, 2d. are 

, 23428 ,, 5% 20 4 
„01832 L,, 169 31' 36” 
18,90246 L, 3d. arc 
9.76584 Ly, 54 19 19 
9:97939 TL, 17 25 40 
38,64789 L, 4th. are 
19,32394 & L, 4th. arc 

21, 4th. are 19, 32394 9.00? Lys, 18 26 50 
9.82367 Ly, 5th, arc 


, 5th. arc 9.74390 | 
3 Diſt, 22 200 52” 9,5 8004 
44 41 44 the true diſtance. | 
Again, by the Nautical Almanac 1772, April 13th. : 
The diſt. at 12h, is 44 28' 30"=a and 44 28' 30”7=a. (109) 
at 15h. is 46 13 32 =B 44 41 44 at Ship. 8 
Diff. 1 45 2 =10G' 2” 013 14 4 


Now (I. 40) 105” 02”=105,033; and 13” 1 iz, 233 


Then (I. 46) As 105,033 : 13,233 : : 3h. : oh. 22m. 40ſ. time above a. 
5 . 1 time 4. 
12 22 40 Greenwich time. 
| ws 9.7 © Ship's time. 
True diff. longitude 3 15 40 | 
By acc. diff. long. 3 20: © 
Error 4 70. 5" | 
As -: | 112, MgTHoD 


\ = 
, n A A A I I ont 
* „ —— 


Ath. With the apparent altitudes, the true altitudes, and the obſerved dif. 


th. To this diſtance find the Greenwich time. 


7 DAYS WORKS, Bodklx; 


112. Mernop XI. To find the longitude at ſea by an obſervation of the 
| | ance anſye oe EE Se 


| | PrECEPTS. 
Iſt, Find the Greenwich time: to which, find 


The right aſcenſions and declinations of the Sun and Star, (57) 
The right aſcenſion and declination of the Moon, . 
And the horary angles between the meridians of the ſhip, 
Moon, and Sun or Star. : . 


2d. With the Sun or Star's horary angle, che polar diſtrnge, and the “ 
ſhip's co-latitude, find the zenith diſtance, (IV. 253) 
With the Moon's horary angle, her polar diſtance, and the ſhip's co. 


latitude, find her zenith diſtance. © r 


3d. Theſe true altitudes are to be altered by adding the refractions, and 


ſubtracting parallax (in the Moon's), to have the apparent alt. 
tudes. . | | | 


— 


No 
tance, find the true diſtance, 6 (108) 
(109) 


Then the difference between this time and the ſhip time is the 
difference of longitude. Tod LT 8 


1 


REMARKS. 


The right aſcenſion and declination of the ſtars are found for the year 
1780, in Art. 312. Book V.: to which are to be applied the yearly varia- 
tions, taken as many times as years ſince 1780, _ | 
The right aſcenſions and declinations for the Sun are found (in tables 
V. 309, 310, or) in the Nautical Almanac for the noon of each day; and 
for the intermediate times by proportional parts. (V. 283, 284, 288), 
The right aſcenſions and declinations of the Moon are given in the 
Nautical Almanac for every noon and midnight ; the parts for interme- 
diate times may be found accurately enough by proportional parts. 

The proportional parts for right aſcenſions and declinations are readily 
found, near enough, by the table, Art. 311. Book K. 


The horary angles are found by the following precepts. 


The ſhip time in degrees, added to the Sun's — aſcenſion in degrees, 
gives the right aſcenſion of the mid- heaven; rejecting 360 degrees, when 
the ſum is above that number. N 1 5 
The horary angle at the Sun is equal to the ſhip time. : 
The horary angle at a Star is equal to the difference between the Star's 
right aſcenſion, and that of the mid- heaven. = 
The horary angle at the Moon is equal to the difference between the 
Moon's right aſcenſion and that of the mid-heaven. 
Note. The declination of an object, applied to go degrees, gives the po- 
lar diſtance of that object. | | 1 | 


. 


Exams 


wok IX;  DATS WORKES. = 


0 EXAM, I. 1772 November 151%, at 21h. B. Ma. ſu poſe 771 a 5 in 
ltitude 30 S. and longitude by account 70 E. of Greenwich, the ae 4 the 
Meg obs of the Sen and Alen was eres ts be 112% 26! def What 
was the true longitude of that ſhip. | | 8 


Ship's time, 2 10 On. P. M.— o. 28m E. 205 32” P. M. Greenwich time. 
Nov. 15. O's 4 diam. 216 14"; J's 3 diam. 15“ 34; hor, parallax 57 7%, 


=! 
=_ 
1 
$4 
K 
+ 
N 
YE 
+» 
jJ, 
wh 
Ta 
1 
1 . 
ih 
1 
_ 
7 wn 
b | 
* 
fi, 
| - 
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For the Sun's right aſcenſion. | . For the Sun's declination. | 
16. Or. a. 215 222 in e189 43 37” ne co» 
Nov Os "#5 39 385 diff. 4 80 W +42 diff. 14 54 
20: 20 3zm :: 4 BY 3 32 + 24* : 20h 32“: 14 54": 12 43% +6 
5 ; Es 15 255 220 | "2 | 
@'s right aſcenſion 15 28 54, * 3 2 3 37 ; 
cafe 70” |@'s deen 29 56 208. | 
Por the V's right afcenfon. | For the ve, declination. 
Nov.15.mi . D 's r. a. 11 17 o , 0/ 15 41 . Rn” 
- aha 124 55 diff. 6? 38 3 diff. 115 
u 8 326 38 443 ＋ „„ 
2147 1 Ig 41 
I's right aſc. 1320 N D 's declination 14 48 N. 
Ship's time 3150 „ =21 hours. 
O's right aſc. 232 13 360 | 
| > 00-3 0 
| Mid heav. 187 13 30 
les Þ ss right aſc. „ 
nd D's horar. ang. 64 13 30 
25 O's horar. angle 45 0 
un For the Sun's altitude. For the Moon's altitude. W 
a | biren Q's = its 2222 30k G. ) 's 4.=64*13'30" ; its $=32%/45* | 
STE PT , 9 ji 
| Pol, dif. 71 3 40 Ly, 9,97583|Pol.dif. 104 48 „%, 9,98535 ; 
Co-lat. 60 <Q Lys, 9,9375 3 Co-lat. 60 o 1, 9.93763 my 
._ | — —— — [| 
5 NM. 11 39,07 904 Diff. 44 48 39,37402 if 
12 „4 19,53952 19,3952 19,8701 19.6870 on 
ef. $5 31 50 Ls, 8,9839 diff. 22 24 I. , 9.58100 {i 
r's . 9,98380 10,5555 | 989609 10, 10601 | 
the 21* 4x 9.55572 | . 3891 o 9,790 | 
o- 12 $;3=O's zen. diſtance, | 76 20 Y's zenith diſtance, uy 
M. % 5 = 's true altitude. f 13 40 D's true altitude. : 


To 


— 


r . CAGE! er AP . 


— 


In degrees, &c, 


Error in reckoning 


314 


Now 1120 26 10“ + 16 14” +16 35 
Diſt. 112 57 58; its & = 56 28 
O's alt. 37 30 oÞ 1 alt. 13 31 of. 


Ref. + 115 + 3 32 | 
Ap. alt. O37 3115 14 34 32 
Ap. alt. 913 39 32 Par.—55 O 
23 51˙43 13 39. 32 
11 55 521 diff. app. alts. 
1, 56 28 59 | ©,07298 
L,s, 11 55 52 9731541 
: — —ogaeooooopan— 
1 1K arc 9-39439] 
”— 
| 
1 L. 4th Arc. 19, 90648 
1, 5th arc. 9, 98604 
56 22 9.92044 | 


DATS WORKS. 


112 57" 58%= apparent dle 


© true alt. 
) true alt. 


9,92 102 


o, 10066 


0,01246 
We hs 
4279-92758 


9489947 
9.98592 


39,81 296 


[10,5 8890 


112 44 the true diſtance of the Sun's and Moon” s centers. 


To find the Longitude. 


113 51 25” 
112 44 © 


Nov. 15. at 180 diſt, 113 517 27” 
21. 32g 21 8. 


Greenwich time for the true diſt. - 20 


_ Ship's time for that diſtance 21 


Difference of longitude in time 


— —_——— 


Ul MH 


12 


Now (I. 40) 90. 19=90,316'; and 6y' 27 57, 45. 


And (I. 46) 90,316: 67,45 : 3: - 14 38. 
- 


14 38 


Diff. lon gitude by reckoning 


© 45 22 
11 20 30 E 
70:0 
4 20 30 
— 


+ dif, ere alt, 11 59 30 
Le, 56 2 28 81. 
9.98621 


9.90723 
) 9,90723 | 


Ly 3d. arc. 


{19.90648 21, 4th arc. 
| 931758 


i 


37 300 
3 


—— 


33.59 


1 I ſ. arc. 
Lys, 2d. arc. 
1 5, 2d. arc. 


15, 37 31 5” 
LS, 13. 39 32 


155 3730 
L, 1431 


Ly 4th Arc. 


—— 11 59 30 


Lats 5th arc, 


I 7 27=67 27 


Exam 


Book 1x, 


© 2 


Dl 
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Book IX, DAYS WORK S. 315 
| in latitude 24* 157 N. logitud 
ſerved the diflance of the Star 55 8 5 585 
| imb, at 6%. 31m. 4. apparent time : Required 


1% W. of Greenwich _ adds p 
354 fromthe Moon's neareft 
the ſhip's true longitude. 


Now 65 31" 4 P.M. T- 30 92 56* W. go 40" P. M. at Greenwich, 
For the Sun's right aſcenſion, 


Nor. g. © R. A. 1% 39 47 


diff. qm 3? DEE, 
Then 24:9 40:: 43: 1384 


2 


1764. * R. A. 195 39” 16 

5 years variat, + 3 12 

1769. Ks R. A T9 39 28 94 52“ 
For Ds right aſcen n. 

Nor. 9. n. » R. A. 3487 16 as 

9. midn. 354 31 bo 

Now 12h : 90 40 : : 615: 5˙ 2+ 


— 


* 


615% 


348 16 


Fir & Aquila's right aſcenſian. 4 


Nov. 9. n. D 's decl. oo 


| 


14 59.47 


| TI 25=225" 210 
For % Aguila's right declination. 


1764. K's declination 89 15' 41” 
5 years variation + 42 
1769. & s declination 8 16 23 N. 


For D's declination. 
338 N. 1 % 
3 14 diff. 20 36 
29 3622964 
0 38 


9. midn. 
12h: gf 40: 


SGhip's-time 
| Sun's right aſcenſion 225 21 
R. A. mid. heaven 223 7 
Star's R. A. 294 52 
X weſt of ſh. meridian 28 


To find the Star's altitude. 
Given h. L 289 15 


RF 7˙2 
5p. D. 8 1e 43/ 37” Los 
Co-lat. 65 45 T 


Dif, 15 58 37 
© 19436513 49,36513 
Lys 9,14292 


9.38746 
9.38746. 


2L,s 


9-995 4 


38,73026 


£ Dif. 7 594 


993333 10, 22221 


— ——Uͤ—œ— — — 


9743 hg. -.. 


15 41 


| D *s declination 
979 46 = 31" 48 


Given h. C300 11 


6 D's P. D. 87 22 


2 44 N. 


"05" 7 
353 18 Ds Ri A, 


30 11 )Dꝰs eaſt of meridian, 


— ́ ꝛ——V 


To find the Moon's altitude. 


9,41558 
9.41558 
9.9995 1 
9.95988 
38,79055 
10939527 19,39527 
10 455 Lys 9227106 


4 pol. . =15* 34 2155 
| Lat 
65 45 12 


— —— 


21 31 


Co-lat, 


Dif, 


4 


3 
7 


9.90282 10, 12421 


18 62 9,49245 


Ten. ditt. 31 22, and 58 38 = Ks 


t. alf 


. 36 13, and 53472 ö tr. alt. 
| To 


316 DAYS WORKS. Bock I. 


To find the true diſtance between Aquila and Ds center. 
Nov. 9, 1769. ) + diam.=15' 52”. Diſt, of centers 589 51 37”, © 
Hor. paral. 58' 12'. Then rad. : 4% $33 ::50 n8” : 34 39”, by Gunter, 
Diſt. 58* 51' 37”; its 4 29 25' 48. ['s alt. 58 38' o' Y's 53? 3 0% 
©'s alt. 58 38 5 Rei. + 035-6: 40 os: 


r 5155 $3347 
Diff. | 7 
Ae | $5 34 23 + IS 4/8 
2 diff. 2 30 of the true alts. £ diff. " 2 47 12 app. ales. 
171 29* 25/ 48” o, 30860 9,69149 Lys, 2925 48". 
bats 2 47 12 8.586799 c 


1,5, 1ſt arc, $,99539|, 999786 
— 9,68926 'L , 2d. are. 

9,68926 Ly, 2d. are. 
0,28370-- LS", 58 38 35 
, 22125 Ly, 53 4 12 
— — YH : 
\ [19,88347 L, 3d. are. 

9.71643 Lys, 58 38 
977302 Lois 53 38 -* 


39.37 292 L, 4th arc. 


I, 4th arc | | 5 19,6864619,68646 2 1, 4th arc 


8, 63938 1, 2 30 
11, 5th arc. 1 | 9.99325 11,04708 Lf, 5th arc. 
9588211 | 


— 


58 23 20 the true diſt. of & from 5 's center. 


| To find the Longitude. 


Nov. 9. at of P. M. Fa Þ 58 1 37 1 5 58 1 37 
2 59 29 51 58 23 20 
: F 1 28 14 88˙ 1 21 43 

Now, (I. 40) 1 28 14=88,23'; and 21 43 1,716. | 


And, (I. 46) 88,23: 21,716 :; 3 : 0h 4 32˙ 


| SER 
Apparent time at Greenwich 9: 45 28": 
44 | Ship - 6 31 4 
Difference of times 3 12 2848 · 7* diff. longitude. 
Longitude by account i — 5 N 


n 


| Error 3 za - 8 


8 EC- 


37 


43 


A DAYS WORKS. ap 
T 1 © wm 
= Of a Ship's reckoning. 


113. A SHiP's RECKONING is that account, by which it can be known. 
1 any time where the ſhip is, and on what courſe or courſes ſhe muſt 
ſeer to gain her port. | | 7 
114. DEAD RECKONING is that account deduced from the occur- 
fences, which are written on the log-board. — 5 | 
The Los BoarD is a large ſquare board, or pannel of wainſcot, 
inted black, on which is written in chalk whatever is thought worthy 
of notice from day to day; and for a proper diſpoſition of ſuch notes, the 
hoard is uſually divided into five columns. The column on the left 
hand contains the 24 hours from the noon of one day to the noon of the 
next; in the ſecond and third columns are the knots and fathoms the 
ſhip is found to run per hour, ſet againſt the hours when the log was 
hove; the fourth column contains the courſes the ſhip ſteers ; and in the 
fifth, or right-hand column, is written the winds, the alteration of the 
ils, the buſineſs doing aboard, and what other remarks the officer of the 
watch thinks proper to inſert. For it ſhould be obſerved, that it is uſual 
to divide a ſhip's company into two parts, called the ſtarboard and lar- 
board watches, who do the duty of the ſhip for four hours and four hours 
Aternate y. 8 8 | | 
The Las Book is a book ruled like the log-board, in order to con- 
tain the daily copies of the remarks written on the log-board, which is 
the only authentic record of the ſhip's tranſactions; and theſe are, by the 
perſons who keep Journals, tranſcribed every day at noon into their log- 
_ from which they make the neceſſary deductions relative to the 
ip's place. e | 5: | 8 
115. A SEA JOURNAL is a book, in which is truly entered the moſt 
remarkable daily occurrences relating to the ſhip during her voyage out- 
ward and homeward, | | EE 
There are various ways of keeping fea journals, according to. the dif- 
rent notions of mariners concerning the articles proper to be entered. 
Some writers direct to keep ſuch a kind of journal, as contains only 
an abſtract of each day's tranſactions, ſpecifying the weather, what ſhips 
or lands were ſeen, accidents on board, the latitude, longitude, meridional 
tftance, courſe, and run. Theſe particulars are to be drawn from the 
ſhip's log-book, or that kept by the perſon himſelf; for moſt good ma- 
ners ceep private log-books. 
Other authors recommend the keeping but one account, including the 
log-book and all the work of each day, with the deductions drawn from 
it, This method is adopted in this treatiſe, becauſe it repreſents to the 
beginner the whole of each day's work : but when he is well verſed in 
tis method, he may abridge what part of it he pleaſes. But it is con- 
ceived, that a journal neatly kept, with all the particulars of the work 
commodiouſly ranged, will give more ſatisfaction to thoſe who may after- 
wards have occaſion to inſpect it, than a journal containing the heads only, 
with all the intermediate parts ſuppreſſed. EY, . 
The method here made choice of, to introduce the young mariner into 


this capital part of navigation, is, by ſhewing him firſt how to work a few 


ſepara'e 


TON Yr Ar — — 


which it was judged neceſſary to premiſe the following obſervations, , tude 


12 hours, from noon to midnight, they mark with P. M. ſignifying after 
mid-day ; and the ſecond 12 hours, from mid- night to noon, they mark 
with A M. ſignifying after mid- night; and end; their day's work onde 


than the civil account of time; and conſequently the Sun's declination. 


cedes the given nautical day, which they are wanted for. 


is ſhewn at Articles 31, 32. 


dead reckoning. 


18 DAYS WORK ode. Mo 


ſeparate days works independent one of another, and then to proceed to 1 
a continued journal of ſeveral ſucceſſive days works; for the doin of 


116. I. Mariners reckon time in the aſtronomical manner, beginning 
at noon, and counting from thence 24 hours to the next noon. The firf 


noon of the nominal day. Hence their ſhip account is 12 hours earlier 


and other daily aſtronomical matters fitted for noon, muſt be ſought hes” 
the day according to their account of time: but if they are wanted for 
any other time of the day, they muſt be taken out for the day which pre: 

Thus that day's account which is marked Sunday the gth of Octobet, 
began on Saturday noon, and ends on Sunday noon. | , _ * 
II. If there is an obſervation for an amplitude or an azimuth, let that: 
amplitude or azimuth be worked as is ſhewn between Article 22; and 28; 
and then find the variation as is ſhewn at Article 29 taking care, in theſe 
operations, that the declination for the proper day, time, and longitude, 
be uſed as ſhewn above, and in Book V. article 2866 

III. Correct each courſe by the variation thus found, as at Article zo; 
alſo correct theſe corrected courſes by the proper allowance for leeway, as 


. 


IV. Write theſe corrected courfes in a Traverſe Table, ſum up the 
knots and fathoms, allowing eight fathoms to a knot, belonging to thoſe 
hours in which the ſhip kept on the ſame courſe, and write the ſeveral 
ſums as diſtances in the. Traverſe Table, againſt their reſpective courſes. 

V. Complete the Traverſe Table as ſhewn in Book VII. 36, find the 
preſent latitude and longitude as ſhewn in Article 72, 73, 74, Book VIII. 
and the following examples, and then will the ſhip's: place be obtained by 


* 


VI. The preſent longitude each day may be found either by middle 
latitude or by Mercator's failing ; the one being preferable, when ſailing 
nearly on a parallel of latitude, and the other when failing near the me- 
ridian. In what follows, Mercator's failing is uſed, when the courſe is 
leſs than five points, and middle Jatitude failing when it is above: 

VII. As the greateſt trouble in uſing the Traverſe Table, is to find a 
correſponding difference of latitude and departure, or - meridional differ- 


ence of latitude and difference of longitude, nearly equal to two given : 
numbers, it has been judged proper to annex the two firſt figures of the 

natural tangent of the courſe, to the degrees at the top and bottom of the an 
Traverſe Table (VII. 67.); by which means the courſe may be found A 


with greater facility from the diff. of lat. and departure, or from the | p 
merid: diff, of lat. and the diff; of long. Thus: Add cyphers to the de- 
part, or to the diff. of long. and divide by the diff. of lat. or by the merid. th 
diff. of lat.; look for the two firſt figures of the quotient amongſt the 
numbers annexed to the degrees at the top or bottom of the Traverſe 
Table, and the degree where it is found is the courſe or bearing ſought. 
Let 672 merid. diff. of lat. and 353 diff. of long. be given to find the q 
courſes. 353, with cyphers annexed, being divided by 672 gives 53 in . 
the quotient, which is found annexed to 287, the courſe required. _ 

Es, 4 | : 117. ExaM- 


— 


117. Exam. I. Auguſt 25th, 195 Yeſterday noon we were in the lati- 
tude of 46280 N. longitude 220 18' W. and bave ſailed till this day nom 
gs by the log-board, the tide having all the time ſet & - b, E. 24 miles an hour : 
Required the ſhip's place, and the direct courſe and diſtance made good. 


208 =! „ | 
LoG-BoakD. | |  Trnavansn Tani: 
Cone nm Fee -N. ITE 
10 5 3 NNE. Wei. NNE: 31 | 28,6 11,9 ies 
HI FE 
* 5 0 ca: K. d. F. 35 7553573 N _ 
77 I S | SSE. 1 471 19,5 1 4 
7 £2005 8. b. E. 650 58.8 11,7 | 
| ENE. "NV. 1 42,0 112,9 110% Pep. 
j . Ee cog i 5 2 26 5 
— D. lat.] 70,9 UW 


Depart. lat. == 46* 2& N. M. P. = 3156 


ISI=lo Di 


a 
6 
6 


Dire& courſe = Ss: $37* 44" 
FE Diſtance == 131 miles. 


CO WOW - 


ol. v=lwkblol>llolklknksEdo es. 


6 
6 
6 
5 
5 
5 : : h 
5 | ; Dif. lat, == 1 111 - 
8 E. b. S.] North. | Pref. lat. = 45 17 N. M. P. =3054 
I n — 8 — | S's 
26 | 123 Sum lats. = 91 45 M. D. lat. = 102 
— 6 ” = | A 8 ; 
: 93 — Middle lat. = 45 52 
11 Co-middle lat. = 44 s 
6| 7 v0. +. | — 
7 6 | Dep. longitude = 22 18 W. | 
77 — Difference long. 2 39 E. Or 2“ 400. 
92 A Preſent long. = 19 39 W. 
2 1 | 
7 et 
7 1 


12 


The courſes and winds in the log- board being examined, it appears that 
the ſhip goes large, and has no leeway ; therefore the ſeveral courſes from 
the log-board are entered on the Traverſe Table without alteration. 

Next, the fathoms and knots belonging to each courſe are ſummed up, 
and the reſults are put in the column of diſtances in the Traverſe Table; 
and to theſe courſes and diſtances the whole difference of latitude and de- 
parture is found. | Cy „„ 

Then the preſent lat. is found by VI. 51; the co-mid. lat. by VIII. 45; 
the preſent long. by VIII. 64; and the courſe and diſtance by VII. 33. 
Or by Mercator's having found the preſent lat. find the meridional diff. 
lat. 102 by VIII. 52; and the courſe and diſtance by VII. 33. - 

Then the diff. long. being found by VIII. 65, will be 2 40", differing 
dy one mile from that found by middle latitude. 

5 . | 118, Exam, 


_ — ñũ ꝰ . ——— ——— —— OO EI 
3 * n wx & — 2 * 23 "_ 


. 
, 
n 
9 


for the variation 14 point weſt, give thoſe in the Traverſe Table; to which 


lected; but there will be no material difference found by ſuch operation. al 


0 DAYS WORKS: Dock N 


118. Ex An. II. Tune 27, 1771, Being yeſterday noon in latina. 


30” S. and longitude 10” 15 E. we have ſailed till this day toon, a5 
og-board, in a current ſetting S. 24 miles an hour, the variation 11 J ja 
wel: Required the ſhip's place. N = a | 0 
"og pol ; 7 E — ta) 
 Loc-Boaxrv,. |  Traverset TasBLsx. 2 
N F. Courſes. Winds. | Courſes. Diſ. N. R 8 
DD [30 | [oz 
| - |S. b. ESE. [32 30:6) 9.3 | 


SLE. 


| - 29.9 2,9 | 
SE. b. E. . 39 


S] 1841344 
S. b. E. 4 E. 60 2417,44 


— 
— 
— 
R 

. lat. 165 , 64,0 95 
De. | 


2 
O 


* 


Sele 


* 


f 
1 
: 
. 
S. b. W. W. b. 5 5 8 ; 
— — — — 
| Dit. lat. |= art > 
* HE Dep. lat. = 25 30 8. Merid. pts. 178 | 
I SSW. Weit — OY 4 
Preſent lat. = 28 15 S. Merid. pts. 1168 l 
— B8GWls!nm of lats,= 53 45 N. diff. lat. 10 k 
—_ Mid. lat. = 26 52 == ©; ; 
| 2:4 125 : — 
bend. . . i 8 


A 


Dep. long. = 10 15 E. 


Allo ol lk kill. MkMIhHhoIIdTxNON ol 


nlealolole>lalel-lololol[vIsokelvl.l-lolwlolelvlol: 


| 
| r Diff. long. 1 o 2 E. Or, ® 1E. , 
3 — [ 
| 1 Preſent long. 11 I Be | 
11 | Courſe is S. 18* 30“ E. * 
12 1 4 Diſtance is 174 miles. ü 
I: 


The courſes and winds in the log-board being examined, it appears that 
the ſhip is cloſe hauled on each tack, and one point leeway being allow- 
ed (32) reduces the courſes to SW. b. S., S. b. W., SE., SSE., and take: 
courſe for the current S.: theſe ſeveral courſes being corrected by Art. 30, 


the whole difference of latitude and departure is to be found as before. 
And hence the preſent latitude and longitude may be found either by 
middle latitude, or Mercator's failing ; for as the ſhip is ſo near the equa- 
tor, the difference will be almoſt inſenſible. _ | 
If a greater accuracy is required, which is very rarely wanted, eſpecially 
in ſuch ſmall latitudes, the diff. of long. may be found to each courſe, as 
ſhewn in Book VIII. 77, 78, and thence the whole diff. long may be col- as 


119. EXAu. il 4 
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a 


* 
Book IX. DAYS W ORES 
119. EXAM. III. Yeſterday noon we were in lat. 33* 40/ NM, long. 160 
20/ Me, the fun was obſerved to ſet 50 18/ from the north point of the com- 
alt; we have ſailed till this day noon, as per log-board, in a current ſetting 
Ms. It mile an hour: Required the ſhip's place, and her courſe and diſ= - 
tance to the weſt end of the Iſland of Madeira, Fune 4th, 1772. 


| 4 UE 


 Loc-BoarkDd TRaveRsSE TABLE. 
K. F.] Courſes. | Winde [Courſes.[Dif.| N. 8 1 : W. 
S. b. W. Weſt. S. 15 E. 40 40,0 7 
| F | 68,9 12,2 
„ Le: S. A | 41.7 MOBS bs 40,3 
. 29.5 
| D. lat. 121.2 o,7| 82,0 | 
„ 5 ; r 
CEN A 


Before the courſes can be corrected to put 

in the Traverſe Table, the variation of the 

{compaſs muſt be found from the Sun's true 
| amplitude; which may be done by article 22, 
| or by working the proportion in article 23, 

„ either by logarithms or the Gunter. 
| 
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1 — June 4th, 1772, the declination is 220 32'N. 

2 | As coſ. 33% 4&' ; rad,:: fin. 220 32” : fin. 27220 
3 So that the true amplitude = 62 38" W. 
: SW EW NW, Mag. amplitude — I i: 

: —— (29) Variation Se 12 20 

7 | The courſes in the log-board being cor- 
3 n [reed by this variation and the lee- way iu the 
[5 — — 2d. courſe, will give the courſes fitted for the 
5 I Traverſe Table. . | 
_ — — — | : Z : M. P. 
11 . | Madeira's lat. = 329 25'N, 2058 
12 6 1 | [Preſent latitude = 3d 49 N. 1945 
_ Depart. latitude = 33% 40 N. Diff, latitude = 1 26 113 

Diff. latitule 1 Sum of latitudes = 03 14 © hes 

p- eſent latitude _ = 30 49N. Middle latitude * 

Sum of latitudes = 64 29 Co- mid. latitude= 38 23 


Middle latitude = 32 14 NMadeira's long. = 17 21 W. 

Co- middle latitude == 57 46 [Preſent long. = 17 56 W. 

Depart. longitude == 16 20 W. Diff. longitude = o 3;'E. 

Diff. longitude = 1 36 W. The courſe (57)=N. 179 15 E. 

Preſent longitude == 17 56 W.] The diſtance == 101 miles. 

In the work for the amplitude the lat. at Sun-ſet was taken the ſame 
a5 at noon; for although there were about 46m. of ſouthing in that time, 
and fo the lat. at Sun-ſet was about 327 54”, yet the amplitude being 
only about 15 leſs, the alteration in variation would ſcarcely affect the 
Gif. lat. and dep. found from the courſes ſo corrected. 


You Ih, | Bb -- 20; Exan. 
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| | For the bearing and diſt. of St. Helena, 
| | | | | St. Helena's lat. 16 00'S. M. P. 973 
TO Por the ſhip's place. Preſent latitude =17 25S, 1001 
Depart. latitude = 19? 30'S. Diff. latitude = T 25 88 
Difference of latitude = 2 og S. [cum latitudes ==33 25 
Prefent latitude = 17 25 S. Middle latitude 216 42 
Sum of latitudes _— EK 80. mid. lat. =73 18 
Middle latitude = 11 27 t. Helena'slong.= 5 53 W. 
Co- middle latitude = 2 33 - Preſent long. — 1 26 W. 
Depart longituce = 0 10E. Diff. long. 4 27==267m. 
Dif. longitude 1 36 W. Courſe N. 71 30' W. (57) 
Preſent longitude = 1 26 W. Diſtance 270 miles. 
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to 79 20“ on the fines, will reach from 70? 20/ 
to ſome point beyond 90e; reſt one foot there, 
and extend the other to 49 19/; this extent 
will reach from the beginning of the verſed 
fines to the verſed ſine of 67, the azimuth 
from the ſouth. Hence the variation will be 
|| 139 3 / W.; with which the courſes in the 
| | log-board are to be corrected ; as well as for 
the lee-way ; the ſhip being cloſe hauled. 


Loc-Boarvd. Travers: T4213. 
III. F.[Courſes.[Winds. | | Courſes. Bil. N. . N FE. N. 
1} 6] 7]N. b. EJE. bN.] N. 13 zo W. 38 | 36,9 5 — 709 
2| 6] 2 N. 24 45 W. 38 | 34,5 5 
384 - [N. 47 15W.|76| 51,7 #26: 
| 4 UE NN. 81 O W. 12159 "a 1 
4 585 2288 
EEE RS [Ds 
F 54 North. E. N. E Before the courſes can be corrected, an azi- 
4 1 muth muſt be worked as in articles 26 and 27, 
4 2˙.— ee pe. gow 
N Decl. 17 27 Lat. 19 30 Alt. 10 40 
15 e 2 IEEE A '= 107. 37 Co-lat. 70 30 |Co-alt. 79 20 
— 221. — — YM 8 zo ; Co- lat. 70 30 
14 51 © Sum 116 17 |58? 08 ſum.| p — 8 50 
21.7 | | Dif. 98 37 [49 19== diff. | 
5 4|NNW.|_NE- Then by the Gunter, the extent from 58*8/ 
6] 4 
IE 
EE 
4. 
203 
32 
22 
205 
6.3 
6] © 


"|= {5 lnloakbuiokb/el irlel 


Here the azimuth is worked with yeſterday's lat.; if it had been 


worked with this day's latitude the variation would have been 12* 3 5 
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In the following Journal almoſt all the circumſtances which can poſſiblyß 
attend a day's work, in any common voyage, are introduced. The ſhip 
is taken from the River Thames, conducted through the Dawns, down the 
Engliſh Channel, and from thence over the Ocean, until ſhe comes in 
ight of her port; namely, Fonchal in the iſland of Madeira. In this 
navigation care has been taken to point out the uſual buſineſs that oc- 
curs in the like circumſtances of wind, weather, &c. The courſes and 
diſtances run down the channel are ſuch, as produce the bearings and 
diſtances of the places mentioned; and veſſels frequently keep a track 
not very different from that which is here aſſumed. The aſtronomical 
obſervations are adapted to the times and places where they are put down ; 
and it is apprehended, that the whole is conducted in ſuch a manner, as 
night poſſibly have happened. 


It is uſual, in Journals, to mark the days of the week with the charace 
ters of the planets. | | 


Thus © ſtands for Sunday. 

Monday. 
Tueſday. 
Wedneſday. 
Thurſday, 

Friday. 
Saturday. 


n R 


B b 


d 


JouxNAx 


, , C&A190 * Þ-v > . of. — 
— — * . _ 


\ _ anchored with the ſmall bower + in 6 fathoms. 


long voyages, to have four large anchors, nearly of the ſame ſize, called the 
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Journal of 4 Voyage from England, toward Madeira, in j; 
| Majeſty's Ship the Neptune, Lucius ManLey, E/q; Commander, 
kept by Francis DRAKE, Maſter's Mate, 1772. | 
Winds. | 7 — 
NW. b. W.] U. July 2d. At 2 P.M. the Pilot came on board; cr. 
|  }dered the ſhip to be caſt looſe from the ſhear-hulk at Dept. | 
NE. ford, and made fail down the river. At 5 P.M. made fat 
| to the ſhear-hulk at Woolwich, the wind not permitting us 
NNW. | to proceed farther. At 4 A.M. caft looſe from the hulk 
and at 10 anchored in Long-Reach ; moored with a cable 
e | : | 
2. July 3d. Employed taking the gunner's ſtores on 
Nx board. Read the articles of war to the ſhip's company, aud 


puniſhed Simon Sturdy with 12 laſhes, for drunkenneſs and 
diſobedience. Fine weather and moderate wind. 


Hh. July 4th. Light airs and fine weather. A. M. un- 
W. b. S. moored, and failed down the river to Graveſend, At noon 


O. July 5th. At 6 A. M. weighed and turned to wind- 
"NNE. [ward down the reach; and at noon anchored in the Hope, 
in 7 fathoms. Fine weather and moderate wind. 


| D. July 6th. Briſk wind and cloudy weather. At 6 P.M, 
. Weſterly. | weighed and failed ; and at 2 A. M. anchored with the beſt 
bower at the Nore, in 9 fathoms. At 7 weighed and ſailed, 


| &. July 7th. At 3 P.M. came to in Margate road with 
NNW. | the beſt bower. At 8 A.M. weighed and made fail. Briſk 


wind and hazy weather. 


VI be: July 8th. At 3 P. M. came fo anchor in the Downs 
1 rant in 7 fathoms, and moored with a cable each way *. The 
WEmter'Y* [town of Deal bearing WNW. and the South Foreland 


— — 


1 It 1s cuſtomary on board ſhips of war, as well as other ſhips that make 


ſnall bewer, beſt boxer, beet, and ſpare anchors; the two firſt being always 
ready at the bows of the ſhip to moor. with, or to let go as occaſions require. 
The other two are ſuſpended over the fide farther aft, near the fore-chains, to 
be uſed along with the former in very bad weather, or to ſupply their places 
when they are loſt. Beſide theſe, each ſhip of war has three ſmaller anchors; 
namely, the ſtream anchor, which is about one-fourth part as big as one of the 
* ner, and two kedge-anchors, with cables and hauſers proper for them, to be 
uſed in warping the ſhip from place to place, into and out of harbours, or to 

ſteady the ſhip on ſome occaſions, . | 
* When a ſhip is -ored, ſhe lies in the mid-way between two anchors ; and 
when ſhe is red with a cable each way, the anchors are two cable lengths, or 
200 fathoms afunder, and the ſhip rides in the mid-way betwcen them. To 
place a ſhip thus in a ſtream, or in a tide's way, one of the bower anchors 7 
let go, and the length of two cables veered out as the ſhip falls down the 
ſtream; the other bower is then let go, and the cable veered out as the other 
is kove in, until the ſhip is in the middle between the two anchors. 7 | 
| ou 
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Winds. | | - REMARKS. 


SW. b. 8. ſent che pilot on ſhore, Moderate wind, "a 
cloudy with ſhowers. | | 


or- . | ag 
pt. 2 July gth. The former part of theſe 24 hours briſk 
fat wind and cloudy weather; the middle ſtrong gales with rain. 
; Us At6P. M. got down the top-gallant- yards. At 8 ſtruck the 
uk, WNW. yards, top-maſts, and top-gallant maſts, At 2 A. M, ex- 
dle ceeding ſtrong wind with rain: let go the ſheet- anchor un- 
= der foot, 
0 - N 8 — — — —— _ _ — 
= 2 July roth. More moderate: P. M. hove up the ſheet- 
and anchor, and got up the yards and top-maſts. A. M. over- 
[hauled the rigging, and ſet it up. Cloudy weather with 
_ ſome rain. 35 ; 
oon ß July 11th. Briſk wind, and flying clouds. P. MI. 
FINE ſſtowed the boats, cleared the decks, and made all ready for 
nds North. going to ſea. At 6 A. M. unmoored. At 8 weighed and 
ope, ſailed z and at noon the South Foreland bore NW, diſtant 
5 miles. . 
I : 3 
bet Journal from England toward Madeira. 


** 


EF.“ Courſes, | Winds. | Remarks on ©, July 12th, 1772. 


riſk 112, SSW. ZW. N. W. Little wind and fine weather. = 
12 . 5 Stowed the anchors. Set top-gallant ſails 
_—_ 2 | and ſteering ſails. | 1 
The 3 3 | The South Foreland North. 
F 2 W. 2N. 8 : 
land 15 | N * „ 
2 3 [Took in ſteering fails and top-gallant fails. 
| the 3 | North. |Moderate wind and fine weather, 
ways x 3 | | 
Juire, 2 | | 
2 3 Weſt. | N. b. E. Ditto weather. | | * 
: . „ 
-_ ö WNW. W. airlight point N. b. W. about 4 miles. | 
aq 34 Moderate wind and clear weather. | 
or to + 
3 12 | Beachy head N. b. W. about 6 miles. 
hs, of 3,4 W 2 N. : 2 | | 
"T9 604 | Briſk gales and cloudy. | Dm 
 ; 1 Took in a reef of each top-ſail, | 
n the a at | | | 
our i: Ta Bembridge Point NW. 5 leagues. 
vurna WW 5 | 
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Ho. — F. Co0ourſes. | Winds. Remarks on D, July 1 3th, 1792. © 
6 WNW. N. b. E. Freſh gales and flying clouds. 
2 716 | Dunnoſe WNW. about 7 miles, 
31 71 5 Weſt. | 7 55 
4 714 | Ditto weather. 
£1 71-4: North. | 
617-4 | | | 5 
„ The bill of Portland NW. b. N. 
8 7 4 WNW. Zz W.] N. b. E. |Shortened ſail.  _- 
N 2 | = 
10 6] | 
{ 11] 6 X 
12] 6 To Weather as above. 
115 4 | | 
2] 5] 4 
3 3 
4| 4 Moderate wind and clear. 
9 4 5 
6 4| 2 | The Start WNW. 4 leagues, 
+] 6 | Let out all reefs. 
8 6164 : Briſk wind and fine weather. 
9 6] 4 WNW. N.] NNE. 55 
110 6] 4 9 
11 6 5 > 5 Merid. alt. 's L. L. 61* 28278. 
e I Ram- head NE. 4 E. 
| Courte. | Dif. } D. L. Dep.] Lat. in. Long. made. Bearings and diſt. at noor, 
S3i*W.jig | 125 | 74 [50%57N. oe 12 W. [Rem-h. NNE. 4 E. 5 leag. 


courſe, and dift., run by the log. 


Here the mcr:dian alt. of the Sun's lower limb being 61“ 282” S. the refrac. 
tion (55) will be zo“ to be ſubtracted. Suppoſe the height of the obſerver's 
eye to be 21 feet, and the dip of the horizon (55) will be 4 22”, to be ſub- 
trated alſo. By the ſame art. the Sun's ſemi-diameter on the 1 3th of Juiy is 
15 47”, to be àdded; conſequently the correction of the ap. alt. of the Sun's 
I. I. will be 13” to be added: and the true alt. of his center was 61 397 : hence 
his tiue meridian zen. diſt. was 28 20% 8; and as the Syn's decl. for that dy 
will be found 21 45” N. for the noon of a place 4* W. of London, the lat. of the 
ſhip at noon was go® 51” N. The Ram-head hes in lat. 50 18'N.: the ſhips 
therefore 12“, 5 ſouth of the Ram-head. Moreover, the Ram-head berg 
NE. 4 E. by compaſs, the ſhip may be ſuppoſed to have ſailed from thence 8. 
2 W.; or, becauſe there are two points weſt variation in the Channel, SSW. 4 M. 
true: now under 24 points in the traverſe table; and againit 12“, 5 in the diff. 
of lat. col. ſtands 15 nearly in the diſt. col. for the diſtance wizch the ſhip was 


from the Ram-head at noon, aid the true bearing of the Ram-head ſrom he: 
is NNE. 4 E. i 


Again, the merid. parts to lat. 50 187, are 38902, 6, and to 505 3483,10 
courſe the merid. diff. of lat. is 19,5, which being ſought for in the diff. of lat. 
col. urder 2+ points in the trav. table, will be found to ſtand againſt 117, d in the 
col. of dep.;'11', 8, or 127, is therefore the diff, of long. which the ſhip is welt 
of the merid. of the Ram-head, the Ram-head being NE. from it: and this l 
alſo the Jong. made in this cafe, Thus the ſhip's place is aſcertained at noo", 
and her departure (as it is generally exprefied) taken from the Ram-head. 


But the. method which feamen generally uſe in rating their departure from 


any point of, land, is to ſet the point by the compaſs, and gueſs, as near # 


they can, how far the ſhip is from it. They then take the oppoſite point of 


the compaſs for the courſe which the ſhip may be ſuppoſed to have ſailed 
from that point, correct it for variation of the compaſs (32), and with ta 
courſe and the eſtimated diſt. they find the diff. of lat. and dep. as in any other 
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3 Journal from E gland toward Madeira. 3 | | 
10 .F. | Courſes. | Winds. | Remarks on &, July 14th, 1772. | 
G — — — — * „ i. 1 
16 | WNW. Briſk wind and clear, | i 
DIE 1 4 
3]0 |» | i 
46 Wind as above; cloudy. i& 
2 | 1 
4 sw. 4 s. WNW. zw. * 
3] 4 | | | 1 
34 SW. b. S.] W. b. N. Moderate wind and cloudy. = 1 
9 3 | | b \ 
10 22 | | 
1112 | 2 | | 
12| 1 | 6. | SW. b. W. | NW. b. W. Foggy, with drizzling rain, | 
6 25 | 
211] 6 
$1.5 | 8 
4 2 Ditto Weather. | 
512 | 
6 2 | : 4 
75118 . ER 
9 116 x 25 Tacked ſhip, Weather as above. ? 
10 2 | 
1116116 | | 
12 1 Light Breezes and foggy. _ 


you Courie. Diſ. D. L.] Dep. Lat. in. | Long. made. Bearings and diſt. at noon. 
. 8.b. W. 59 58 iz 49 72 N. | 0294 W. Ramh. N. 15 E. diſt. 241. 
1755 3 Bs ſhip ans cloſe on a wind, and The Tx AVvERSE TABLE. 
ac- making b'ttle way a- head, may be ſuppoſed to 22 7 4 
ver“ make a point and half lee- way 4 and the varia- True courſe. Lift. N S. E.“ W. f 
ſub⸗ tion being two points weſterl“, her courſe by S. EW, 29 | — 28,9 — 2,8 
uy is compals is altered 34 points, or the ſum of theſe South. 7 | ne | 20 
# tud toward the left hand, when on the ſtar- "2 E : 
Suns board tack, and 4 a point, or their diff. when EY OY ans bb ERIE 
hence on the larboard, to obtain the true courſes put S. b. W. 2 W. 17 — 16,3 — 4,9 
t dye dbbon in the firſt col. of the traverſe table. NW. 7 | 4,9 P——| —| 49 
The diſt | MCL AD Boy — | 
of the e diſtances to each courſe are added up, — 22 
hip 18 reckoning 8 fathoms to make a knot, and put 4+9 | 03Z>I[ L,1112,0 
P in the ſecond col. againſt their reſpective : 49 151 
ering courſes ; and the remaining part of the table | 1:8,2 IIc 
Se i filed up by B. VII. art. 36. 1 . 22 
1 W. In the traverſe table (VII. 67.) I find that 58, 2 ſtands in the diff. of lat. col. againſt 11, 5 in the 
e diff. «ep, col, under 119 in the courſes; conſequently the courſe made good by the ſhip for the whole 
day, is 8. 11®W, Moreover, under this courſe, 58, 2 ſtands in the diff. of lat. col. againſt ſomewhat 
p Was more than 59 in the col. of diſtances, which is therefore the diſtance made good in the whole day. 
m her Again, it from 50 5 N. the lat. in yeſterday at noon there be taken 58m. the diff. of lat. 
made ſince, S. there will remain 490 7 N. for the lat. in this day at noon, by account, and 
1; of - Which muſt be taken as the true /at. in. becauſe there was no obſervation. The mer. parts to 


tieſe two latitudes will be found 34$3,1 and 3393, 5: hence the mer. diff. of lat. is 89,6, 
of 0 waich ſtands in the ditf. of lat. . 1 deß Sead 174 in the dep. col.: and 174 ding 
at e ated to 12/, the long. made yeſterday at noon, becauſe both are W. gives 294 for the long. 
5 well wade this day at noon. | C 
this 13 To find how the Ram- head bears, and its diſt. from the ſhip, take 3393, 5 the mer. parts to 

noon, the chip $ lat, from 3502, 6 the mer. parts to the lat. of the Ram-head, and their diff. 109, 1, will 
de found in the diff. of lat. col. againſt 29/,5, the long made, in the dep. col, under 15? ; con- 


| 


.. ee che Ram- head bears N. 152 E. from the ſhip, becauſe the ſhip is S. and W. from it. 
from ay, 49* 747, ſhip's lat. being taken from 50% 18', lat. of the Ram-head, leaves 70, 5 diff. of lat.; 
ear 5 ic, under 15 ſtands againk the diſt. 73 miles, or 244 leagues, the diſt, required, 
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o.] K. F. | Courſes. Winds. Remarks on &, July 15th, 1772 Ho, 
i 1 J. 24 | NW. b. W. S W. b. W. Little wind, and foggy weather. = 
2 | 2 3 | : | 
: | » 2 
41121 | | Weather ditto. | 
5 16 NNW. Weſt. | 5 | Þ 
> | wt "We . 
7 | 1 | 4 | NW. b. W. SW. b. W. | 5 | | - 
[3]2| +5 . Tacked ſhip. Thick fog. bi 
lo|2]4 TL | | | 10 
11 2 £ 4 SW. b. 8. W. b. N. ; | | 11 
1121214 |  ___|Weather as above, 17 
11112416 | 
20112 | 4: | | 
Me 14+: | i RE. 3 1 
4|1|6 | WSW. NW. Ditto Weather. 1 
5 1 * W. b. 8. NW. b. N. | 4 i i 4 b 
611 2 4 | 
4 | | | 2 2 
— 81144 Very hazy: little wind. | 
9122 25 | NO „ 6 
1017 WSW. 5 1 
i1]3] | Weſt. | North. | 4 
[12 | 4 Weath. do. mer. alt. O's I. 1. 62 25'S. | | 1. 
[Courſe. Di. D. L. Dep.] Lat. in. Long. made. Bearings and diſt. at noon. | Ce 
S. 29] 17 | 23 1489 50 N.] 1 47 W. | Ramn. | N. 285 E. ditt. 32 |. 1 2 
By obſerving the directions given for working the two preceding day's works, the ſeveral ope- 10 
rations will ſtand as follow. Noting only, that although the ſhip ran twice on a NW. b. W. courſe, at tl 
viz. from noon to 2 o'clock, and from 6 to 8, yet that courſe is put down only once in forming the log, 
traverſe table from the log., becauſe as the ſhip is at the ſame diſt. from the wind in both, and 49 
runs nearly at the ſame rate, the lee-way which ſhe makes, and of conſequence her true courſe, 57 
will be the ſame; but the diſtances which ſhe ran both times are added into one ſum, namely: 30 
45 and 31 8m. and put down againft that courſe. On the contrary, when ſhe runs twice WSW. two 
f that courſe is put down twice; becauſe being cloſe to the wind one time, and a point free the 7 
other, ſhe would make more lee- way from 3 o'clock to 4, than ſhe did from g to 10, and there- muf 
fore the true courſes would be different; 14 points being allowed in the former caſe, and only Cour 
4 of # point in the latter. - — | — ed, 
Dip of the horizon (55) 4 227 The TRAVERSE TABLE. 121 
A 3 — e159) 2.2 't rue courie. | Dutt. | N. S. [E. | W. 4 
. : um ; 4 52 þ * — 7 - — — —— 
Sun's ſemi-diameter (55) 15 47 NW. b. W. 2 W. 8 3.8 — — 7] uſed 
Difference 10 55 : 21 41 * | , l 
App. akt. 's l. 1. 620 25 0 S. NNW. 2 W. 4 3.5 — — 159 at 
True mer. alt. O's cent. 62 . S. b. E. 2 E. 8 4,8 3 Dif 
: True zenith diſt. $7 26 $3. :4-. 8. 2 E. 410 — 11, o] 1.0 == De 
. Sun'sdeclination(V. 309) 21 26 10 N. SSW. 4 W. 2 — 1 1,8|——| 0,9 
Latitude obſerved 48 50 15 N. SW. b. 8. EW. 8 6,2 — 6c La 
4 0 Lat. fram 49 074" Mer. pts. 339355 | SW. b. 8. x W. 2 9 | 1,0 | — | 1,2 Tat 
af : Lat. in. 48 50 mer. pts. 3366.9 ; WSW. ; 7 — 2,7 —ů— 6,5 | Dil 
Diff. of long · ©® 35 W. 20,6 | | ES ee e . 
Long. from W. 3 | e On 
Long. made 1 044 W. To f 1 | 9,8 | 25 . 
j | For the bearing and diſt. at noon. _ S.53 W. diſt. Ne 17,3 23,3 kf 
| Lat. Ramh. 5c 1% N. mer. pts. 3502,6 | Lat. 8 om 49 7+ N. | 
Lat. in 43 50 N. mer. pts. 3366,9 | Lat, in by acc. 48 50 N. 


A 3—83m. 2)135,7 long. made=64, 5m. | 
A. ale 2 N = 
Diſt. 32 ad N. 25 E. 67,85 half of each 32, 25 Journal | 
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13 6 W. b. S. North. Moderate wind and hazyy. 
p 4 8 8 : ; : . | ; F ; 
31% WSW. A great ſwell from the NNE. 
45 qe weather. © -- 1 
515 Shortened fail. J 
bi-6| 5 „ 1 
71144 4 } * 25 | 
81314 The weather as above. | 
9 3 4 | ET 8 , ; : * | ; 
10 4 3 | | | | : 
11 5 5 , | ] 
1 | . Ditto weather. | | 
2| 4} 4 fn | 
. 3 — | | | | * s . : . 
4| 4 Moderate wind and flying clouds. | 
9144 Sun roſe by compaſs N. 790 30 E. 
6| 4 | | Variation 220 16' W. | 
713 5 | Set the top-gallant ſails. | 
8 31 5 Moderate wind and fine weather. | 
9 3 Set the ſteering ſails, 
10 2] 4 | - [EE 
11 44 - | The ſwell continues from the NNE. }. 
F Dit. weath. Mer. alt. S's I. I. 630 37'S. 
Courſe. Dil. I: Ls Dep. , Lat. in. | Long. made. Bearings and diſ. at noon. 
Jar ies 81 1 71 [47* 28 N.] 2% 51 W. Ram-b. N. 34 E. dil. 68 1. 
itt. At 5 A. M. or 17b. it was 17h. at Greenwich (57): | I 1 
at this * the ſun's decl. was 21 19 N. By working the LENS TABLE. 
log. up to the time, the lat. of the ſhip will be found 4% True Cour. Diſt.] S. [W. 
40 N. Hence the true ampl. of the ſun at riſing was N.] SW b. W. 8 4 6,6 
55 14 E.; that by compaſs was obſerved above to be 79 SW. 91 6446 4.4 
al " — the variation is 220 16 w. (31) or 8 12 12.0 
2. The ſwell ſetting from Ls Me on the _ 80, 8 71 0 
muſt carry the ſhip along with it; for this reaſon a + A | . 
courſe is 5 in = 8 which variation ow. Lat. from 48® 5 of N. 
&, is due S. ; and it is ſuppoſed the ſhip was ſet that way Diff. of lat. 1 
12 miles in the 24 hours. 5 | Lat. i . 47 . 
4 1. The-truc Ist. obſerved will be found 47% 28˙ M.; i by nee. © "ap ag | 
— 8 that by account is 470 297 N. the diff. of lat. by obſervation, and not that by acconnt, muſt be 
1 wed with the departure in finding the courſe and diſt. made good, and diff, of longitude. | F 
1 Lat. fr. 48 5o'N. Meridional parts 3366, 4 
9 Lat. in 47 28 N. Meridional parts 3244, Long. from 1? 42 W. 
— Diff, lat. 1 2228 zm. F EY 
-| WH Peart, Jim. J Gives the courſe 8. 4 W. f % C 
9 * 7 „5 Longit. made 2 514 W. 
p Lat, Ram-head 50 48'N, Meridional parts 3502,6, 5 part is 57:2 } | 
R Lat, hip 47 28 N. Meridional parts 32440 2 | 
- Diff. of lat. 1 30 Mer. diff. lat, 258, 6; 4 part is 86,23 . 
One third part 55,7. Hence the Ramh. bears N. 33 E. diſt. 68 leag. 
2) Here, becauſe the meridional diff. of lat. and diff. of long. are greater than can be found in the | 
) tible, one third of each is taken to find the courſe ; then this courſe, and one third of the proper TY 
| Ef, of lat, give the diſtance in leagues, > | | 
88 Journal NY 
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Courſes. | Winds. | 


Remarks on 9, july 17th, 1772. 


| WSW. NNW. 


— mf; ts... 


O © O On wn 


| | 
3 | SW. b. W. 


ow 


* — A Boo 


— 


| 


” — 


SW. b. 8. 


+ + 


1 


NNW. We - 


„ * 


2 2 — 
O O S 


4 S. b. W. W. b. 8. 


— 
O 


11 
12 


1 


— 
— 

DoS ee eee 
* 


| I A 


2 | 7 BY Ditto weather. 


Moderate wind and clear. Hauled FR 
lower ſteering fails 


NW. b. W. Hauled down fore · top- maſt ſteer. fails, 
Clued up and handed top- gallant fails, 
Weather as above. 


Moderate wind and cloudy. 

EE | | | 
Squally weather. Tacked ſhip, 
Briſk wind and cloudy. Tacked. 


very hazy. Mer. alt. O's I. 1, 640 30's. 


{Courſe. Diſ. D. L. Dep.] Lat. in. 


Long. made. 


Bearings and diſt. at noon. 


8 19 W. 67 58 | 20 46 25 N. 


3* 237 W. 


Ramh. N. 30 E. diſt. golea, 


Working the traverſe by the fore- 
going directions, the diff. of lat. will 
be 58,2 and the depart. 19, 8, and 
hence the lat. by account will be 


46% 30“ N.: but the true lat. ob- 


ſerved will be found only 4625 N. 
conſequently the courſe by compaſs, 


or diſtance run by the log. or both, 


muſt be erroneous, and therefore the 


reckoning muſt be corrected by one | 


of the three caſes at Art. 81, 82, 83, 
Now 58, 2 is found in the diff. of lat. 


col. againſt 19,8 in the depart. col. under 190; which 


The TRAVERSE TABLE. 


Courſe. 


E 


Dit. 


N. 


11,5 


8. 


14-9 
25,8 


149 
14,1 


E. W. 


14.9 
7 


6,1 


11,5 
| 


; 


09,7 
I 1,5 


970 288) 


68,2 


2 


is therefore the courſe 


by account for the 24h. Conſequently the correAion muſt be made by art. 
81. Now the diff. of lat. by obſervation is 643, with which, and the courſe 
by account S. 19 W. as the true courſe, find the diſt. 67 miles. Moreover, 
the mer. parts to the /at. from, and lat. in, ares 244,0 and 3151,7 ; conſequently 
the mer. diff. of lat. will be 92,3, which under the courſe 195, gives 32 for the 
diff. of longitude. The long. made is therefore 3 23% W. and the Ram-head 


will be found to bear N. 30* E. diſtant go leagues, 


* 
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1, To work the azim. and from 'Ihe IRAVERSE TABL E, | 


thence determine what var. muſt be; Frye courie. [Dilt.] N. | S. EW. 
allowed in correcting the courſes. JFF. IE. ii S 
By art. 5 2, 53, 55, the true alt. of SE. EK. 7 = 7s 

the Sun's cent. was 16 4. By V. SR. b. E. E. _ 5-4 | 
286, the Sun's decl. was 21 3“ N., NW. b. N W. ni AN 3,5 . I 
and, working the log. up to the time, NW. I. | ar 75 
the lat. of the ſhip was 400 10 N. NNW W. 3 | by 5 
Hence (28) the true azim. was N. — — — 25 | na lr 
162 8'W. and therefore the var'ot.| . = 14,8 159 20,0 
(31) 22% 12/W.: conſequently two J 14.8 159 
points may ſtill be allowed in cor- Diff. of lat. 16,5 Dep. 10,1 


recting the courſes. | Lat. from 46? 25' N. m. pts. 3151,7 
2d. Having formed the — Lat. in 46 415 N. m. pts. 3175,7] 
table, and worked the log. as in the Dit. of long © 15 W. (ill lan el 
margin, I find the diff. of lat. for ue, ae. 22 W N 
the whole day is 162 m. N. and the 8. — 87 
dep. 10,1 W. Hence the courſe Long: made 3 382 W. OE 
made good is N. 32 W. and the diſtance 19m. Moreover, the lat. by account 
is 46 44“ N. and this is taken for the 14. in, as there was no obſervation. 
The mer. diff. of lat. is 24, o, which gives, under 32? in the courſes, 1 57 for 
the Gif. of long. Conſequently the /ong. made is 39 382 W. 
Lat. Ram-head 50 18“ N. mer. parts 3502,0 | 


Lat. ſhip 460 412 N. mer. parts 31757 : 

Diff. of lat. 33 362 216,5 10) 326,9 Long. made 210) 218.5 
One third is | 7258: 2,09 3 21,85 
Hence diſt. is 87 leagues. Bearing is N. 3 320 E. 


rr 


fo. K. | 1 Courſes. Winds. | Remarks on h, July 18th, 1772. | 
1 4 5 | South. | WSW. Moderate wind, and hazy, — 
2 4 „ode | | | 
313] 2 1 | 
: 1 bene. WSW. Ditto weather. | | 
| ? 4 SSE. SW. Az. O's cent. by comp. N. 5 30 5 5 W. | 
7 3 NW. b. N.] W. b. S. Alt. of his 1. 1. 15 56“ var, obi. 220 12 W. 
8 | 3 | [Weather as above. g 7 
10 2 
1 5 : | 
12 1 4 c Kainy, unſettled weather. | 
122 NW. b. N. W. b. S. | | | j 
24 5 | 5 | 
3 1. "HS | | 1 
442 | Squally, with rain. J 
211 | | 
5|; | 
SS. = | 
$-} 2:16 Weather as above. — 
“9224 : [ 
0 |2 | 3 | NNW. Weft. : | 
11 | | „ Tr | 
(12 |1 | 6 |  {Foggy, with rain. | | 
: Coarſe Pi. D. L. [Dep. Latit. in. | Long. made. Bearings and diſt. at noon. 
Nzz W | 19 | 164 | 10 4641 N.] 39 382 W. [Ramh. N. 332 E. diſt. 871. 
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jHo.| K. [F. | Courtes. | Winds. | Remarks on ©, July 29th, 7772 
ft ſg |7 | WSW. | NW. Briſk wind and cloudy. ; 

2348. W. 2 W. 

3 | 2 | = | . | | 
BY WY. | Moderate wind and cloudy weather, 
15142 2 2 | | | 
165 f 3| 3 |SW.b. W. | | 5 
„„ | 
84 The weather as above. 

9.9 4 | | 

r 

1114 | : 5 

12 4 Ditto weather. 
t 1 3 4 | | 

| 2 q-1 0] 

1 1 5 

BY I EE bs Ditto weather, 

35 

| 6 4 | 

235. 1 | © 
33 : Briſk wind and cloudy, | 

936 | SW. W. . | 
10 3 ; 3 q | X15 | ; * 
111313 | a| 
12 | 4| 2 | 85 Very hazy. Mer. alt. O's 1. 1. 65138. 

{ Courle. Diſ. D. L Dep. | Latit. in. Long. made. Bearings & diſt. at noon, | 
TT 7. [43445 20N;[437 447. (Ramb. N. 330 Eg m1h 

A point is only allowed for Jee-way { The TRAVERSE IABLE. 
on the WSW. courſe, becauſe the ſhip True Coùrſe. Diff. N. F. TE. TW. 
went ſaſt through the water. A quar- = eee WEE. eee 
ter of a point only is allowed on the SW. b. S. 6 — 50 — 3.3 
SW. b. W. courſe, becauſe ſhe was a SSW. 3 W. 57 — 48,90 — 29,3 
Point free; and none on the SW. W. SSW. Zw. | 23 — 20, 3 — 10,8 
courſe, as ſhe was then 74 points from ; | eee 

| the wind. —_— eee ; 22 434 

On caſting up the traverſe table, it Rs „ 
appears that the diff. of lat. is only | Latit. from _46 UN. 
74 m. S., conſequently the lat. by ac. Lat. in by acc. 45 275N. 


count is 45 272 N. whereas the true | | 
lat. obſerved will be found no more than 45 20 N. Now to correct this error, 


and determine by which of the three caſes (81, 82, 83, ) it is to be done; as 
there has been no obſervation ſince the 17th, take the diff. of lat. made the 
+ 218th from that made the 19th, one being N. and the other S., and the remainder | 
(57,7) will be the diff. of lat. made good on both days: alſo add the two de- 


partures together, becauſe both are W., and the ſum (53,5) is the departure 
for both days. This diff. of lat. and dep. give S. 43*W. for the courſe; the 
correction muſt therefore be made by Caſe III. Ihis courſe by account and 


65, diff. of lat. by obſervation, gives 60,6 depart., half the ſum of this ad 


that by account is 57,0 ; this depart. and 65 diff. of lat. by obſervation, give 
S. 41*W. for the true eourſe. This courſe and 93,4, merid. diff, of lat. by 


obſervation give 81” diff. of long. for both days, which being added to 


30 23 , the /ozg. made on the 17th, gives 4* 45 W. for the long. made on the 


i9th. The bearing of the Ram-head N. 33* E. and diſt. 118 Jeagues, will be 


found in the ſame manner as on the preceding days. 
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. To, K. F. Courſes. Winds. Remarks on P, July 2oth, 1772. — 
T 74 | SW. b. W. NW. b. W. Moderate wind and clear. 
14144 | 

| 3 3 4 . « +l - = * | 
141414 | 5 Light airs intermixed with calm. 
51142 SW. WNW. Tried the current which ſet W. b. N. 
b9¹*2' 4 | 5 | 4 N. 4 of a k. an ho. 
71314] | Brisk wind and cloudy : took in a reef} 
31315 of each top-ſail. 
9314 SW. b. W. NW. b. W. | —_ 
10 36 | 1 e | 
1] 2 | | | Took in 2d reef of the top-ſails. 
123 „ WNW. | Squally, with heavy rain. 
11215 | SW. b. S. W. b. N. Handed the mizen top-ſail. 
2 2 5 5 Cloſe reefed the fore top-ſail. | 
3 2 3 4 — | 
14214 | | | Squally, with ſhowers. 
3 WE 
2 34 | SSW, Weſt, Cloſe reefed the main top-ſail, 
Fara0s RA = 2 
1814} | Heavy ſqualls of wind and foggy. | 
9 3 4 South. WSW. Saw Cape Ortagal S. b. E. about 7 leag. 
l0 | 2 | | | „ 
it] 2 Handed the top ſails. 
12 22 5 Strong wind in ſqualls. 


Long. made. Bearing and diſt. at noon. 


| Courte. Bit. B. L. Dep.] Lat. in. 
F.. W. 68 | 67,2 | 11,3 44? 13 “N. 


5 1'W [Ramh. N. 20% E. diſt. 139 . 


1 q 
4 


4 


In working this day's log. the follow- 
ing particulars muſt be obſerved. 

Only 14 points are allowed for lee- 
way whilſt the ſhip was running a> the 
firſt SW. b. W. courſe, becauſe, al- 
though ſhe was cloſe-hauled, ſhe went 
well through the water, which may 


therefore be ſuppoſed to have been 


pretty ſmooth, | | 
A point and half is allowed on the 

firſt S W. courſe, becauſe we may pre- 

ſume the ſea began to have more mo- 


1 TRAVERSE ants: 5 


| 


tion; and, moreover, toward the latter 


end of the time a reef of each top: ſail 
was taken in. | 
The ſecond time the ſhip went on 


theſe courſes 13 points were allowed, becauſe 
fails were double reefed : the ſame quantity is allowed on the SW. b. S. 
courſe. On the SSW. courſe two points were allowed, becauſe the topſails 
were cloſe reefed ; and three points were allowed when ſhe went ſouth, be- 


* 


True Courſe.|Ditt. N. S. 
S. b. WIA W.] 14 |—13,2 
8. EW. | 11 — 10,9 
S. b. W. 4 W. 9g — 8,7 
S. Z W. 3 (— 3,0 
8. 4 E. 13 12,9 
SSE. | 12 — 11,1 
SE. b. E. 10 — 5,6 
Curt. W. 28. 18 — 1.8 
1 67,2 

Diff. latix } 178 
Latit. from 45 20 N 
Latitude in 44 13N 


cauſe the top-ſails were handed part of the time. 


The current ſetting WNW. 2 W. by compaſs, or W. 2 S. true, Z of a mile 
an hour, or 18 miles in the 24h; it is put down as if it was a courſe and 
Ul, run by the ſhip, and worked as ſuch, The remaining parts of this day's 
work are performed in the common manner; and the reſults will be found 
5 they are put down under their proper titles above, the lat. 
ken as the true lat. becauſe there was no obſervation. 


Fournat 


ſome part of the time the top- 


by acc. being 


. 
_-— 
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» 
) 
3 
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flo] K. F.] Courſes. | Winds. Remarks on C, July Ziff, 1772.— XA 
8 | . {i 8. b. W. W. b. 5 wind and foggy, = | ” 
4 i 
| 2 Wore ſhip. C. Ortagal SW. 
} „ 2 NNW. Weſt. Weather as r | 5 or bu, 
I 2 | f | TY | 
| 8 | 2 | Hauled up the mainſail. f 
1712 | | Brought too under the miz, ſtay- ſail ; 
8 Up NW. of NNE. Variable. | = | |; 
9 [Up NW. off N. b. E. MPWore ſhip. Balanced the miz, & ſet it $ 
10 [Up NW. b. W. of WSW. 
11 [Op WNW, off SW. b. W. set the fore: ſail. y 
12 | 3| WSW. Eaſt. More moderate. A 
mis 1 34 Set the main-ſail. 1 
r | | | I 
+ fk | | . 
ö 3 | Moderate wird with rain. 
Ill 4] - Pet the top- ſails. |; 
16 1 
| 7 - | W. b. 8. Let a reef out of the top; ſails. 5 
81314 Weſt. | _ {Moderate wind with rain. 7 
1943 | AE YO 
— 2 n Let out all reefs. b 
111122 | | 1 
12112 The Groyn Lights, SE. b. S. 4 or 5 lea. I 
 ]Courſe. Bi. P. L. | Dep. | Latit. in. Long. made Bearings and diſt, at noon, I: 
| 8. 5 2 W 40| 24,7 312 43 48 N.] 545 W. [K amh. N. 3 10 E. diff. 152, 2 
| In working the log. for theſe 24h. it The Traverss Tanie, | 
zs neceſlary to remark that 34 points True Courſe.|Diſt. N. S. TE. Thi 
| are allowed on the S. b. W. courſe, be- .- E Ref 
? cauſe both top-ſails are handed: the | 1% | 3·8 4, 8 
| like quantity is allowed on the NNW. Ip ® . " 
ons Fs, * * | NE, b. N. | 1 Jo, 8 — 0,6 Th 
When a ſhip is brought to, as it is * ry "8 e Di 
; wh" W. 1 — 1,0 Ap. 
| nſually expreſſed, the tiller is put cloſe 8. 1 E. 
; over to leeward, which brings her head | SW „ Tri 
round to the wind. The wind hav- ww ETA” Sur 
} Sg 05 p . SW. b. W. 3 — 11.7 — 
ing then very little power on the ſails, WSW : Sun 
; the ſhip loſes her way through the eee ee e Lat 
| water, which ceaſing to act on the rud- 9,71 3441548 1 
der, her head falls off frora the wind, | | 97 ing 
the ſail which ſhe has ſet fills, and Diff. of lat. 24 7 | rec 
ge _ freſh "py _—_ * 2 3 | Latitude from 44 13 N. the 
which acting on the rudder brings her : : „ 
ern 
has a kind of vibratory motion, coming up to the wind and falling off from 5 
it again, alternately. Now the points of the compaſs which ſne comes up and 0 
falls off to, are noted, and put down in the log, in the manner they are above at : 
the hours 8, 9, 10, 11, P. M. and the middle point between them taken for | 
the ſhip's courſe ; on which the proper lee-way and variation is to be allowed, the 
and ſuch diſtance as ſhe may be ſeppoſed to drive, In the inſtances given above Lat 
6 points have been allowed for lee-way, and the ſhip has been ſuppoſed to drive Lat 
a mile an hour. There is nothing particular in the remaining parts of this Tri 
day's work: the ſeveral reſults are as put down under their reſpective — | 
| | ournd 
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FALK "Courſes. - Winds. Remarks on on U, Jaly 22d, 1772. 
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| 


7 | Calm and cloudy. D : ; 
| 
hShip's head round the comp. | 


| Calm and foggy. 
S. b. E. 1 | a = | 


* 

1 

2 4 

: | I Little wind, and foggy. 

2 | [NW. Z N. Variable. | | 

2 8 

: 2 | | Ditto, and hazy. 

2 NNW. Weſt, | 
2 | SY | 

2 SSW. 1 | 

2 | | Ditto, and fine weather. | 
A | | 

0 2 1 

if : ; 

5 . Flying clouds. Mer. alt. @'s1.1. 6623, 84 
Courſe. Cone. Bl. D. L. Dep.] Latit. in. Long. made Bearings and diſt. at noon. 
a—_-_ | 1,6 43% 35 N.] 5? 53“ W. | Ramb.N. 31E. diſt. 15 Zlea. 
The dip. of the horizon 4 _ . | 
Refraction 65) The TRAVERSE TABLE. | 
Sum = | True Courſe. Diſt. N. | Se | W.} 
The ſun's ſemi-diam, 15 48 — ——x— ˙ ·— 
Difference ——— W 758 3•8 46 758 

9 0 . 5 — an 4 
— = — LE 3 os. NNW. W. 4 te 

n s center 9 34.1. 48. b. E. 1 E. 12 ii gg 
Sun's zenith diſt, 23 25 598. I eo 
Sun's declination 20 9 11 N. 11,3|15,3| 8,1| 9.7 
Latitude obſerv. 43 35 10 N. | | 11,3 8,1 

The latitude, by account, differ. — — 
ing 9 miles from that obſerved, the] Difference of latit. 470 1, 
reckoning muſt be corrected, as in| Latitude from 4348 N. | 
the following operation. | Latit, by account 43 44N. 

8. W. ' 4 : 12 * 9 


(the ok 67,2 11,3 | | 
& the 21ſt, 24,7 31,5 | 
$ the 22d. 2 -- 1,6 
95,9 444, theſe give the courſe 8. 2 5 W. z conſequently 
the correction muit be made by Caſe 1. Art. 81. 
Latitude from 45 200 N. Meridional parts 305 8,3 


Latitude in 43 35 N. Meridional parts 2911.2 | 
True dif. lat. 105% 15 45 Merid. diff. lat. 147, J Dif, of lon. 15 87 W. 
Courſe S. 25 W. Long. igth4 442 W. 


Longit. made 5 53 W. 
ind the Ram- head will be found to bear N. ze E. and be diſt. 157 leagues. 
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| Book IX. 
Journal from England toward Madeira. 


tio. | F. | Couries. | Winds. | Remarks on U, July 230, 1772, | ha 
— — — — — ä = — 
[ 11 3 WSW. NNW. Moderate wind, and hazy. a 
26366 1 
Hat ol - 5 © 
4| 2 6 North. Ditto weather. 5 | 
51 2 4 | BS 9 
; 6 21 4 | : | 
[ 7 2 4 ; 3 8 | 5 END 1 | 
r | N. b. E. Cape Finiſterre SSW. 6 or 7 leagues, 
| 901-3] = SW, ES Ce. | | 
10 36 f 
| 12] 366 * Weather as above. 4 ' 
1163 6 3 E438 | 
2] 3} 4 
1317311 | : ; 
| 4] 3 5 | Moderate wind, and flying clouds, 
13 7 — | 
1 6| 4 | About E paſt 6 A. M. ob. the diſt. of the 
4 7] 4] 4 neareſt 1, of the O and ) 84% 3 25 
1 8 5 8 5 App. alt. 's I. J. 199 152, the app. alt. ſ 
9 5 of the )' s u. I. 59 0oY. Hence the 
18 lon. of the ſhip by theſe ob. is 100 8 W. | 
11 5 | Error of the acc. in long. 48” too much, | 
12 | 1 P oerid. alt. O's 1. 1. 67“ 28'S. | 1 
Tourſe. Dit. D. L. Dep. Lat. in. Long. made. Bearings and diſt, at noon. 0 
S. W. 89 78 | 42 42 18 N. 62 5o'W. | N. 30 E. diff. 185 . Id 
"The hip going 2 (+ mags 24h. nolee-| The TRaverss TaBls G 
way 1s to wed in working the log. Fru 7% Wl 
In deducing the longitude of the lip from ZION VR A fr 
the obſerved diſtance of the ſun and moon, | Ss 24 17,00% T 
the ſun's ſemi-diameter found in the Nautical SSW. 5 61. 4s 5 
Almanac is 15 48”, that of th 555 e 
5 48”, that of the moon 14 55 | 
and its augmentation, according to the alti- Diff. of lat. [7801422 m 
tude (56) 14”; hence the apparent diſtance off 1 188. th 
their centers was 85 5' 22”, the apparent Latitude from 43 _35N. = 
altit. of the ſun's center was 19® 27“, and that Latitude in © 42 17N. | 0 
of the moon's 5841“: and it will be found | 3 tu 
(109) that the arch a was 25 34', the firſt correction + 2” 13“, the ſecond — lo 
14 00”, and the third+1”. The true diſtance was therefore 84 53 46", th 
and (110) the time at Greenwich 19h. 14m. At this time the ſun's declination lo 
was 19® 597 36” N. and by working the log up to 4 paſt 6 A. M. the latitude Ul 
will be found 42ů 42'N. and, laſtly, the true altit. of the ſun was 199 24' 24": N 
hence the time at the ſhip was 18h. 33m. 22zſ. and the long. 10% 94 W. 1 
It will be found, on working the log, that the ſhip made 44 W. diff. of . 
long. from noon, the preceding day to 2 paſt 6 A. M. which gives 60 37 W. | 
for the long. made at the time of obſervation ; add the long. of the Ran- M 
head, 4 21 W. and their ſum, 100 58" W. is the long. of the ſhip by accouut; y 
conſequently the reckoning of long. is too great by 48's. | | a 
Again, becauſe Cape Finiſterre bore SSW. by compaſs at 8 P. M., the 10 


ſhip was then under the ſame meridian. By working the log up to that time 
the long. of the ſhip was 10% 377 W. which is the long. of Cape Finifterre by 


account, and allowing 487 for the error of account, there will remain $' n 
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49 W. for the long. of Cape Finiſterre by the obſervation, 
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Puournal from England toward Madeira. 


oy o.] K. F.] Courſes. | Winds. | "Remarks on 2, July Zath 1772. 
1] 6 SW. 25 Briſk wind and clear weather. | 
| - 5 | 
4 : | [ | Weather As above. | ' 
THe 2 LY f 
0 1717 | | Obſerved azim. O's cent. N. 50 197 W. 
' | 819] ” & the alt. of his 1. 1, 7567 var. 20% W. 
196 6 | [Weather as above. 25 
10] 6| 4 | | . | 
| 11] 6] 3 | = Ne | | 
; 43] 7 5 | 1 Ditto weather. | | 
Tr 4 | | | 
2| 6] 4. | 1 
3] © : 4 
46 5 Ditto weather | 
5] 6 x | 2 = q 
the | 01 ©} | About paſt 6 A. M. ob. diſt. limbs ſun 
250 | 71 6 | & 73* 13'54”,alt. Ol. I. 200 25 F alt. 
al. | 8] 6 of d's u. I. 64 41/5. long. ded. 11% 25” 
the 9 - Briſk wind and clear weather, [T W. 
W. 10 | 
uch, 116 
1216 


12 8 | Merid. alt. ſun's 1. I. 69% 31” 8. 5 
Courſe. Diſ. D. L. Dep. Lat. in. Long. made.] Bearings and dif. at noon. | 
L150] 136 | 832, 2 N.] 89 14 W. IRam-h. N. 29 E. diſ. 235 J. 
3 7 8 8 . 4 Pg: | The TrRaversE TaBLE. | 
from the $//K > cons hag an 37 N. — — — — 
The corrected alt. of the ſun will be found S. 25? W. 11501135,9'63,4f 


5 : 3 1, and the lat. of the ſhip, by working the Diff. of lat. 2 16 S. 
2 log up to 7h. 415 30 N. Hence the true azi- Lat. from 42 18 N. 2806, 
22 _ was = 70028 W. and the variation of Lat. in 40 02 N. 2625,3f 
. e compaſs 209 W. And, allowing this |n;& EET h | 
. Variation, the 1 of the log for the Hoes 2 9 6 2 — 9 80, i 
. day will be as in the margin: the two lati- £ 8• 3 — 1 1 
des agreeing exactix. 2d. By working the Len Sh Mace B 14 W. Hence 1 
-en to f patt 6 A. M. the lat. of whe thip at dg Nam -hand bore N. 29 E. | 
305 that time will be found 40% 32/ 8 dit. 235 leagues, > 
ation long. corrected. according to yeſterday's obſervation 11 23 W. The eſtimate 
ade ume at Greenwich will hence be 19 h, when the Sun's ſemi-diameter, in the 
24˙ Nautical Almanac, was 15” 48“, that of the Moon 150 2”, her horizontal pa- 

tallax 5 5" 11”, and the augmentation of her diameter (56) 14”. Hence the 
F. of app. alt. of the @'s cent. will be found 20? 37', of the Moon's 64 22“, and 
„W. dle app. diſt. of their centers 73 44 58“. From theſe data, the arc a (109) 
am- vill come out 30 172, the iſt correction of the app. diſt. 27“, the ſe- 


cond 5! 38”, the third O 1”, and, conſequently, the true diſt. 73 417 28”; 


unt; 1 
which gives (110) 19h. 28” 25“ for the app. time at Greenwich when the diſt. 


the 1 the ) and O was obſerved. At this yme the declin. of the Sun will be 
time 4 19% 47, N. with which the lat. of the ſhip 40? 32 N. (as above) and 
e by — 35 » the Sun's true alt. the time at the ſhip will be found 18> 42“ 25” : the 
u 61 if. of thoſe times is 460 0 1 3o' W. the long. of the ſhip, and therefore 


me error of account i too f 
is by chis obſervation 47 too much. 
Vou, 1 | + | | GK Journal 
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| | Fournel from England toward Madeira. : 
0. K. F. Dourſes. Winds. Remarks on H, July 25th; 1772. 
16 7 SW. NE. Briſc wind and clear weather. 
2| 6] 4 | | | 
31 6] 4 | 13 
7 Ditto weather. 
5| 7, | 
3 712} | | | 
1 21-+4 | RN 1: 
[1-9 1] BBriſk wind and hazy, 
10 7 - 
| 11] 6] 4 ; „ 
12] 6| 3 | Ditto weather. 
114 : 
F615 
364 | 
4664 Ditto weather. , 
| KB} 6] 2 | 
6] 6 | 
71 66 
86 Briſk wind and cloudy. 
96 SW. b. W. | 
106 | | 
: 116 SW. b. 8. 3 . | 
4 12| 6 | Ditto weather, mer. alt. O's 1. 1.719 40'S. 
[Cloris PII. D. L. Dep. | Latit. in. | Long. made. Bearings and diſt. at noon. 
.es 142 66 3% 40 N. 99 30 W. Ram h. N. 28 2⸗ E. diſ.2880e 


This Day's work will itand as follows: 


Dip of horizon (55) „ 
Refraction (55) | 0 18 
Sum 5 4 40 
Sun's ſemi-diam. 15 48 
Difference 11 08 
App. alt. S's J. I. 71 40 co S. 
True alt. center 71 51 08 


Zenith diſtance 128. 


Sun's declination 109 30 56 N. | 
Latitude in 37 39 48 N. 
atitude from 40 2 N. 
Diff. of lat. obſerred 2 22 12 


Half the diff. of longitude 


Difference of longitude 
Longitude from 


Longitude made 


Lat. Ram-head 50% 18 N. Meridional parts 
Meridional parts | 
Merid. dif. of lat. 1059,6 Long. made=9,39 


105,90 $729 
N. 281 E. 


Fs Fourns: 


Lat. of the ſhip 37 40 N. 
Prop. dif. of lat. 12 38 
One- tenth part 


LT 
One-centh of diſt, 86,5 miles 
W ole diſtance 


288 league a. 


=r 25 W. 


: Bearing 


The Traverst TABLE. 


True courſe.| Dif. | 8. W. 
8. 250 W. 100 90,0342 20 
33 | 2959111395 
S. 36 W. 12 9,71] 7,05 
S.-14W. | 12 | 11,64] 2, 90 
2442526525 
8. 25 W. | 78 788085 
"WW 
: Diſtance 156 
Meridional parts 2443,9 


Meridional parts 2625,3 


Merid. diff. of lat. 


half 


17 
| 422 


8 14 W. 
2 39 W. 
3502.6 
2443.0 


182,3 


91,15 


PUTS: as - 4 as. at js, = — 2Þ£ vp — > — — et, wy we = 2892 „ Fra 


oy 


oy A, £3 3 ihe... 


p 
Y 


9,39 
57:9, 


gurna! 
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Po urnal from England toward Madeira. | 
ft. T. Courtes, * Winds. T Remarks on , July TT cb. 1772. || 
_ '6 Sw. NE. Briſk wind and cloudy. . 
2 6| 4 —- | | 
36604 „ 
46 4 | Briſk wind and cloudy, 1 
6| 4 | | | 
5 6 4 | Variation obſerved by azimuth 17 11'W., 
7 6 4 . | | . 
8166 Brifk wind and cloudy. 
9] 01/4 
10] 6 3 
116 | | ; 
12] 6} 4 | Briſk wind and flying clouds, 
| i| of 4 | 
2| 4 | 
"41-514 4 Ditto weather. —— 
. 4] 5] 4 | At zm. 16ſ. after 4 A. M. by wa. ob. diſ. far. 
3 1. of the) from æAriet. 400 3343“, alt. of 
6 6 * Ar. 65 50, & that of the) 's l. l. 29434“ 
716 At 6. 32m. 44ſ. by wa. alt. 's I. l. was 1653“ 
8514 Weather as above. | | 
9] 51 Saw a fail in the NE, quarter. 
10 5 2 
2 | | 
| 12 3 68 5 Bs Ditto weather, mer. alt. O's 1.1.73 36'S 
Courſe. [Dif.| B. L. Dep.] Lat. in. Long. made.] Bearings and dut. at noon. 
r nal at lect ant 27 Ram-head N. 27 E. gilt. 1eag. 
(528 ” 1471 190 68 35 304 N. 100 OP _ Fancbal . 360 W.dift.92 leagues, 
The merid. alt. obſerved this day gives 35˙ The Þ Toms 
30% N. for the lat. The true diff. of lat. ob- — nb 
ſerved is therefore 129,7, which, with the dep. True courſe.| Dit ] S. W. 
68,1, gives S. 279 4 W. for the true courſe ; | TT TT 1 
and this courſe with 161,4, the true merid. 8. 289 W. 145 128,0 08.1 
dif, of lat. gives 85 for the diff. of long. W. Diff. of latitude 2 88. 
2 * . — e 72 4 * 1 * Latitude from 37 40 N. 
In order to deduce the true long. of the ſhip | 
from the obſerved diſt. of the moon from &« Hain by account- 36 $5M% 


Arietis, the app. time found from the alt. of the Sun at Gh. 32m. 44. A. M. 
was bh. 29m. 32ſ. conſequently the watch was 3m. 121. too fait, and therefore 
th? app. time when the diſt. was obſerved was zh. 5gm. 4f. or 15h. 50m. 4f. 
Hence the time at Greenwich was 17h. at which time the J's horizontal pa- 
rallax was 56” 26”, her ſemi-diameter 15' 22”, its avgment. according to her 
alt. 8”, and conſequently the app. diſt. of the ſtar from the Y's center was 
40 18” 13”, the app. alt. of her cent. 29? 55”, and that of the ſtar 65® 527, 
Hence the arch a comes out 38® 38', the firſt correction 19“, the ſecond— 
44 54”, and the third +3”; therefore the true dift. was 39 33“ 03”, and 
(110.) the time at Greenwich 16h. 55m. 360. the diff. between which and 
the time at the ſhip, found above, is 50m. 32.14 8' W. But by working 
the log up to half paſt 6 A. M. the time when the Sun's alt. was taken, I find 
the long. of the ſhip by account was 158“ W. the error of account is there- 
ore, by this obſervation, one degree too much. By the firft obſervation it 
Was 487, and by the ſecond 47“; the mean. of the three is 514. It may hence 
be concluded that the true long. made this day at noon was only 109? 124 W. 


The bearing of the Ram-head will therefore be N. 275? E. dift. 332 leagues, 
nd that of Funchal in Madeira, the lat. of which is 3236 N. and long. 


17% C6 W., S. 369 W. diſt. 72 leagues. 
„ Journal 


— En 


340 DAYS WORKS. Bock Ix 
 Tournal from England toward Madeira. 


Ho. K. [F.] Courles, | Winds. Remarks on PY, July 27th, 1792, 
| t|5{4{j SW, | NE. [Moderate wind and cloudy, 7. 
26584 5 5 
„. b. 8. 5 
4416 | {Ditto Weather. 
51+] 3 A | 
414{3 | | 
ie - 
84 6 Weather ſtill as above. 
AT}; | | | 
1045 E 
| 11 5 N 1 |; ; 
12 45 | - Moderate wind and hazy. 
IS | | | | 
| 2 5 | | ? : 
34 | R 
4| 4 | | Ditto weather. | 
3 4 | | | f ; * 
1644 | 
714 | +1 4 
842 Moderate wind and haxy. 
9445 At gh. 13m. 4ſ. by watch the alt of the 
ST i | Sun's I, I. was 489 532, and the az. of his 
111443 | cent. S. 63· E. At T ih. 45' 19” che alt. o 
12 1 | his I. I. was 74* 31”. Cloudy weather. 
| Courie.|Dit.! D. L.| Dep.! Latit. in. | Long. made. Bearings and diſt. at noon, 
{518*W.1216, 110 | 34,7 33540 N. 10% 563” W. Ramh. N. 252 E. diſt. 3691, 


Allowing 179 W. variation, the traverſe ta-| The TxAVERSE TABLE. 
ble will ſtand as in the margin where the lat. rue courſe.] Piſt.f S. TW. 
| 7 
96,6 


by account is 330 44 N. — BAL 
"I he firſt of the altitudes taken this fore - - 285 — . 75 
noon, when corrected for dip of the horizon, |_2:_17 2 


2993 


refraction, and ſemi-diameter, will be 499 42: ES [106,3 347] 
the angle comprehended between the Sun's Diff. of lat. "2% a6 457 8. 
bearing at that time, and the courſe by com- Lat. from 35 302 N. 


paſs, is 979; which, with 12 miles, the diſt. 
run between the obſervations, give 1+ dif. of | 
lat. to be ſubtracted; and therefore the firſt altitude, when reduced to what 
it would have been if obſerved where the ſecond was, will be 493. The 
ſecond altitude, when corrected for dip, &c. will be 74 42“; the interval 
between the obſervations zh. 32m. 15ſ. the lat. of the ſhip by account at 
the ſecond obſervation was 339 45” N. and the Sun's declination 199 4 N. 
Hence (75) the true lat. of the ſhip, at 3 paſt 11 A.M. will be found 33? 
47 N.;: and as ſhe made about a mile of ſouthing afterwards, the true lat. 0 
the ſhip at noon was 337 40” N. According to this, the true diff. of lat. was 
110, 3. with which, and the courſe 18* M. found with the diff. of lat. and de- 
Part. by account, find the diſt. 116m. This courſe, with 134,0, mer. difi- 
of lat. gives 437” for the diff. of long.; and, therefore, taking the long. made 
yeſterday to be 10% 135 W. as corrected by the lunar obſervations, the long. 
made this day will be 19% 562 W. and hence the Ram-head bore N. 251 E. 
and was dilt. 35% leagues. | - 


Lat. by account 33 44 N. 
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Fournal from England toward Madeira. 


8 5 
Ay F. | Courſes. | Winds. | Remarks on C, July 28th, 1772. 
A I. NE. {Moderate wind and hazy. | 
2 3 2 W. b. 8. ö N | | 
14 | ; | | | 
: 6 Moderate wind and clear weather. | 
15 310 | | 
2 F ; ; ; 1 
4M | [Land ſeen from the maſt-head, which wel 
| $14 |4| Weſt tanke to be Porto Santo, bY 
013] 4 | {Weather as above. 
; 5 . ; 7 
10 | 4 r | 
113 5 W. 2 8. : | 
23 Weather the ſame. | 
i 7:3 . | | | | | | 
2 | 1 | oY 
3 3 ; | M q 2 | | 
4312 | Moderate wind and hazy, 
$131} 4] | 
91344 | | | - 
14147 | ' 
8 83314 | Porto Santo N. W. b. N. 
9133 Weather as above. 
10 314] b. S. NNW. Porto Sancto North. | 
11412 | 1 At noon Porto Sancto NE. ZE. Funchal in| 
I2| 4 3 | f Madei. SW. b. W. Mer. alt. 's l. l. 75®50' DS. 
|Courſe. 511. B. L. Dep. | Lat. in. | Long. made. Bearings and diſt. at noon. } 
IW. 89} 512 | 73 32482 N 6 125 234 W. Funchal S. 39 W. diſt. 5 lea. 
In working the log. for theſe 24 h. 17 of | The LRA VERSE 'LaBLE. | 
weſt variation are allowed, and = 3 ” True courle. Dilt.| S. W. 
ee way on the latter W. b. S. courſe, becauſe — 5 28 W 2 9 
the ſhip was then only ſeven points from the 8. 8 W. a Lo Shy 
wind, The traverſe table will be as in the | 8. 73 W. | 12 3.615 
margin, where it appears that the diff. of | © 67 W. 32 12,5 29,5 
lit. by the dead-reckoning will be only 8. 52 W. | 12 7 449.5 
37, m. whereas, by the obſervation, the ſhip — — 5 ay 
as made 51,5 m. the latit. obſerved being 22 | 


& Funchal, by this account is 16 56' W. of Greenwich. 


348 N. 'Þ'o correct this, I find the courſe made good, according to the 
dead-reckoning, is S. 622% W., the correction muſt therefore be made by 
Caſe II. (82). Now againſt 51,5, the diff. of lat. by obſervation, in the co- 
lumn of diff. of latitude, and againſt 72,7 in the depart. column, ſtands 89, 
in the diſt. col. over 54 for the courſe. 'The ſum of the lat. from and lat. 
in is 669 282”; half of which is 33 144 the middle lat. and the compt. of 
mis is 56 452“; over which, as a courſe, and againſt 72, 7, depart. ſtands 87 
11 the dit, col. for the diff. of long. and, conſequently, the log. made this day 
a noon was 129 232 W. Hence the Ram-head bore N. 274 E. and was 
Giant 394 leagues. | WE 

Again, Funchal, which is in latit. 320 37' N., bore SW. b. W. by compals ; 
at is, S. 39 W. true: and, the latit. of the ſhip being 329 483 N. the diff. 
of lat. was 11,6, and the meridional diff. of lat. 13,7 : the ſhip was therefore 
15m. diſt. from thence ; and eaſt of it in long. 114; conſequently the longit. 


APENDI& 
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Containing ile Principles, upon which ſome of the preceding Precepts 
are founded. | 


124. I. The Theory of Davis's Quadrant. Plate XIV. Fig. 9. 
To ſhew that the arcs DF + tc make the zenith diſtance, 
The line an is horizontal. 

Therefore the arc fsx =height of the Sun above the horizon. 
Now the arc fB84=arc FE +BH. 

Alſo the arc dfc =go? ; =alt. and zen. diſt. taken together. 
Therefore the zen. diſt, arcs r ac =arc DF + HC. . 

125. Allowing the Sun's ſemidiameter in uſing the Shade vane. Fig. 10. 
AB repreſents the Sun, the center of which is c, and its rays paſs over 

the top of an upright wall DE. It is evident, that no part of the Sun can 

be ſeen from a, and that the whole can but juſt be ſeen from 6; the ſhadow 
will therefore begin to terminate at a, and wholly end at &, going off gra- 
dually irom total darkneſs at à to total brightneſs at ö, neither the be. 
ginning nor end of this penumbral part being perceptible ; conſequently, 
neither the upper or lower limb can be obſerved accurately; but we ſhall 
be able to come nearer to one or the other, the brighter the Sun ſhines, 

On account of this uncertainty, ſeamen are obliged to take the middle 

Point between theſe, which gives the altitude, or zenith diſt. of c, the 

center. Nothing, therefore, muſt be allowed for the Sun's ſemi-diameter, 


126. II. Of the Theory of Hadley's Quadrant. 


To what has already been ſaid of this moſt excellent inſtrument, it has 


been judged proper to ſhew alſo, upon what principles it is conſtructed, 
ray of light AB falling on a mirror, or po- 
liſhed plane, Er, will be reflected in the line Bc, 
10 that the angle of reflection DBe, ſhall be equal 
to the angle of incidence DBA, DB being perpen- 
dicular to EF: or 4 FBA is equal to ERC. 

Let the angle of incidence DBA, be 30?, the 
angle of reflection PC will be 30* alſo; and the 
like in other inclinations. 

If, while the radiant A remains in the ſame 
place, the mirror EF, by revolving round B, moves 
into the polition fe; then the alteration in the 
angle between the incident and reflected ray, will, 
be double the angle ſhewing the change of poſt- 
tion in the mirror, 

Suppoſe the mirror changes 10* from the radi- 
ant, then the perpendicular Bo goes 10? farther 
from the radiant A, into the poſition Bd; and the 
incident angle dBA is 40 and the reflected an- 
gle dc is 407; ſo the angle ABC is altered from 
boo to 892 a difference of 20% for 10® change of 
poiition in the mirror. | | 

Suppoſe the mirror to change in poſition 109 
towards the radiant A, then the perpendicular 
is changed into Bd, 10% nearer to the radiant, 


And the angle * 


t 


ts 
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of zo becomes dE A of 20*= 7Z dre; fo that the angle Am is 40, 


whereas ABC was 60” ; that is, by altering the poſition of the mirror 100 
the angle ABC was altered 20 degrees. ; | 

The following propoſition was received from a friend: X 

127. With a Hadley quadrant, 0 > 


the objed? is feen, is equal to twice 5 

the arch the index has paſſed over. = 
The inſtrument or angle Ach, | 

is 45 degrees: 4b is a refleRting f. 

glass fixed parallel to cB: CD is 1 | 

the index, with the reflecting glaſs 

at G, fo fixed as to be parallel to 


ab, when CD coincides with CB : H —— 


O the Sun, © G a ſolar ray re- A/ 6 " E 
feted from G to F, and from F ca” > 
to E, the place of the eye: 
HE the horizontal line at the time of the obſervation. 
Then is the angle of elevation 160 equal to twice the angle pep. 
For the reflected C DGF = incident . © Ge = Ec. (I. 93) 
And the reflected . b E incident CHO 2 FLE=Z FEL. (I. 95) 
r FLES) £GCL+ £ CGE, 


(1. 95) 


Or (Lroc=( 2160 + 4 ©GC=224BCD+ /CGL 5; 
Then 16GO© =2 £ BCD. | 


128. III. Of the Dip of the Horizon. Plate XIV. Fig, 12. 

The eye being raiſed above the level of the fea obſerves an horizon be- 
low the level of the true one. | = 

Thus let asf be the ſurface of the ſea, Es the height of the eye above 
that ſurface, and AF the obſerver's horizon, Then the eye looking along 
va for the horizon which dips below the true one by the arc ag, the ap- 
parent altitude aB of an object k muſt evidently be leſſened by the arc aa. 
But if the obſerver has his back towards the object B; then looking along 
the line Ey, the apparent horizon now becoming the line Fs c, and dip- 
ping below the true one by the are FF, or Ac; it is plain the apparent 
altitude c B is too little, and muſt be augmented by the arc AFN. 

Conſequently in the fore obſervations, the altitude muſt he leflened by 
the horizontal dip; and in the back obſervations, the altitude muft be in- 
creaſes Oy the dip; but in zenith diſtances, add the dips forward, and 
tubtract them backward, | a — 

129. | To compute the Horizontal Dips. ; 

Let c be the carth's center, E the eye, and the tangent xs F meeting the 
ſurface in f, where the ſky and water ſcem to meet; then © FE is a tri- 
angle right-angled at /, in which are known © f=Ccs = 2089905 feet, 
the Earth's ſemidiameter; and CE={(CS+$E) tne height of the eye 
added to the Earth's radius: Then as ct : rad. :: cf: ſin. . of / the 
complement of which is the 2. Fxf, the dip fought. 


— — — * * — — 
* , 


+» Mr. William Payne, 
Cc4 130. IV. 
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130. 1 IV. Of Refrafiom, 


Celeſtial objects, the nearer they are to the horizon, are ſeen through a 
larger portion of the atmoſphere, and conſequently have a greater quan- 
tity to be allowed for refraction, than when they are ſeen with greater al. 
titudes, | „„ | 

Tables of refraction have been given by many aſtronomers, but that 
which is eſteemed the moſt correct, was formed from the obſervations of 


the late celebrated Dr, Bradley; who alſo found a rule for correcting tio 
common tables of refraction : which is, | 
Increaſe any given altitude by thrice the refraCticn on that altitude, 13 


Then to the log. co-tangent of that ſum, add the log. 1,5587. 
The ſum leſſened by 10 in the index is the log. number of ſeconds in 


the refraction; which is more correct than the table. the 
Here 1,7558) is the log. of 57 the mean refraction on an alt. of 45. fre 
This rule is fitted to a mean warmth and weight of the atmoſphere, " 


viz. to the height 50 in Fahrenheit's Thermometer, and to the height 29,6 
of the Barometer. For other ſtates of the air, Dr. Bradley gave a rule 1 
for a farther correction; but it is apprehended, that neither of theſe cor. 


rections need be applied to the table of refractions, for any obſervations i 
but ſuch where there is wanted a preciſion not to be obtained at ſea, . 
| | | „ ul 
131, V. Demonſtrations of the Rules at Articles 60, 61, 62, m 
See Plate XIV. Figures 13, 14, 15. n 

Let the circle HZRN repreſent the meridian of the place, HR the hori- 
zon, and 2 its zenith or pole: let ps repreſent the axis, Þ being the A 
north, andes the ſouth pole; the line £qQ the equator, © the place of the 1 
Sun, the arc 2 © the zenith diſtance, and E © the declination. . 
Now the latitude is expreſſed either by the height of the pole abore i 
the horizon, or by the diſtance of the equator from the zenith ; conſe. i 
quently the arc RÞ (Hs), or the arc ZE, being known will give the la- 5 
kitude. | | | e 
But the arc ZE is always equal to the ſum of the ares z O and E & FP 
when of contrary names; or to their difference when of the ſame name. : 


When the object does not ſet, its leaſt altitude R © added to the arc 
P ©, or co-declination gives RP, the height of the pole ab:ve the horizon, 
or the Jatitude ſought : the ſame may be underſtood, were the leaſt al- - 
titude above the fouth point of the horizon to be obſerved. Fig. 15, 132. 
Hence it will be eaſy to conſtruct any of theſe caſes, Thus: 

Set the zenith diſtance ſrom 2, to the left if ſouth, but to the right if 
north; and this gives © the place of the Sun. | 

Set the declination from C, to the right if ſouth, but to the left if 
north; and this gives E the place of the equator. | 
Then drawing the diameter EQ, and the diameter ps at right angles 


to Eq, the Jatitude will be north or ſouth, according as Þ or s falls 
above the horizon. ; . 


— — a a rs — — — 
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133 VI. Of Facio's Problem. 


In the year 1728 Mr. Nicholas Facio Duillier, F. R. S. publiſhed a 
pamphlet, intitled, Navigation Improved, in which he conſidered more at 
Jarge, than had been done before, the problem for finding the latitude 
from two obſervations of the Sun's altitude out of the meridian, with the 
time between them, which he ſtates in the following terms. 
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Jo find the latitude, by two altitudes of the Sun, and the time between 
them, ſuppoſing the obſervations to have been made from the ſame place, or 
from different places, whether at ſea or land. And likewiſe to find the hours, 
and the Sun's azimuths, at the times of both obſervations. 


Thus he propoſes expreſsly to diſtinguiſh between the caſe, when the 
two obſervations are made in the ſame place, and when, by the motion 
of the ſhip, in the interval between them, they are made under different 
zenith's ; which does not appear to have been attempted before. He alſo 
extends the interval of time between the obſervations farther than is 
uſually done, not confining them within the compaſs of one day; but 
makes them ſo remote, that the change in the Sun's declination may be 
neceſſary to be taken notice of. . 

His method of proceeding is this: | 

Suppoſing P the elevated pole, A and B the two places of the Sun, and 
AP, PB, AB, arcs of great circles paſſing through the points P, A, and B. 
Then if pA be the diſtance of the Sun from the pole ? in the firſt obſer- 
vation, and PB its diſtance in the ſecond, the angle AB correſponds to 
the time between the obſervations, whether ä 
that angle repreſents the whole interval of Fu 
time, or only its difference from one or more 
entire days, 2 alſo denoting the zenith of the / _—. 
place, when both the obſervations are made ee 

under the ſame. | 5 

Here, if the interval of time be large, ae 
may be different from PB. Therefore in the 
triangle Apr from AP, BP, and the angle APs, 5 
he finds the ſide AB; then from the three ſides AB, BP, and AB, either of 
tie angles PAB, PBA may be known; alſo from Az, zB and AB in the 
triangle Az B, either of the angles ABZz, BAZ; and in the laſt place, from 
theſe angles with ABP, or BAP, may be deduced the angle ZAP or ZBr, 
whence in either of the triangles PAZ or PBz, PZ may be computed, the 
diſtance of the zenith z from the pole. | . 

He likewiſe farther propoſes to compute the angles Ap:z, Bz for aſ- 
ſigning the diſtance of each obſervation from noon, in order to determine 
the time of the day when they were reſpectively made. 

All thele trigonometrical operations he performs by one axiom (See 
Art. 251. Book IV.) in the doctrine of ſpherical triangles, won | 
| 7 een 
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been applied by others alſo, not only to the finding of an angle from three 
ſides given, but likewiſe to the computing of the third ſide from two ſides 
andan angle between them. | | | 5 
But when the ſhip is in motion, 2 is not to be conſidered as the zenith 

of the ſhip in either obſervation. However, in the firſt obſervation the 
ſhip's zenith will always be in a circle deſcribed on A, as a pole, and with 
the interval Az, ſuppoſe in x, and in the other obſervation will be in a 
circle deſcribed to the pole s with the interval BZ, ſuppoſe in y, the arch 
x.y denoting the ſhip's courſe, making with the meridian of the firſt ob. 
fervation the angle P. 

This angle Px y, and the length of the arc x) are to be aſſigned by the 
compals and log-line. | | 5 

Now when the ſhip has been in motion during the interval between 
the obſervations, and theſe two additional data are added to the altitudes 
of the Sun, and the interval of time, Facio proceeds thus: 

Having found the point 2, as before, he computes in the triangle 
AzP, from AP, AZ, Pz, the angle Az p; alſo in the triangle BZ y from 
BP, BZ, PZ, the angle Bz P, and from the angles Az, Bz, the angle 


AZ B, Which (the angles Azx and BZy being both right) will be equal to 


2 F. | | 

l Then ſuppoſing the diſtance run x y to be fo ſmall an arch, that the 
triangle x 7 y may be conſidered as rectilinear without any ſenſible error; 
and alto that the angle x Þ z is fo ſmall, that xy meeting P z in v, the 
angle Pp may be aſſumed, as not ſenſibly differing from the angle of 
the ſhip's courſe ; whence the angle BzP having been computed, and 
thence the angle z v known (3B Zz) being a right angle) from the angles 
y 2 v and z v, the angle z y x, which is the complement of the angle 
which the ſhip's courſe makes with BZz, will de known ; then from the 
angles x Z ) Z y x, together with the tide y x, he finds the fide z +; and 
laltly, in the triangle Px 2z from x z, 2 P, and the angle x z p, the ſide px 
is found for the complement of the ſhip's latitude at the firſt obſervation ; 
as alſo the angle z P x, and thence the angle A Px, the diſtance of the ob- 
ſervation with the Sun in A from the meridian, in which that obſervation 
was made. | 8 


And farther, FTacio conſidering this computation, though it came 


very near the truth, as an approximation only, from the aflumption cf 
the angles zxp, and 2 vx, as equal, and the triangle z x y as rectilinear, 
he proceeds to correct the latitude, and the angle + z thus found, as 
foilovs : 5 | | | | 
Re aſſumes at pleaſure two values for 
7, * (or rather for the arch of a great circle 
paſſing through z and &) one ſomewhat 
greater, and ths other ſomewhat leſs, than 
the value of z * now computed. Then 
fer each value of Z x, he finds in the tri- 
angle p xz from the ſides P, 7.x, and the 
angle PZ x, the fide & and angle xP7 ; 
and in the triangle P xy from Þ x now | 5 
found with » y, and the angle » x y given from the courſe and diſſance 
xn by the ſhip from x to y, he computes ? z, and the angle x P 7, * [EA 
| ; | rem 


wa, o% 


„„ — — mop ©, occw 


circle in which the Moon is at D; but by her paral- 


the ſtar is placed at &; a perpendicular, as AB, being 
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rom the angles «Pz, xPy finding the angle hz, and thence yes, 
at length in the triangle B Py⁵ from PB, yz, and the angle B P y com- 
utes B Y. 3 3 | 
If By, thus computed, comes out equal to B z, then is the value of zx 
whence it is deduced, rightly aſſumed; but if the value in both the com- 
putations differ from the truth P x, and the angle zr are to be corrected 
by the ſimple rule of falſe poſition. N | 
But this method of Facia is attended with an operoſe calculation, even 
though the ſecond correction, which will always be but ſmall, ſhould be 
neglected. And the expedient propoſed by Mr. Graham (Philoſophical 
Tranſactions, Ne 435) of obſerving by an azimuth compaſs, the angle 
which the ſhip's courſe makes with the azimuth circle of the Sun in one 


of the obſervations, which has been explained above (Book IX. Article 


70) is much more ſimple. 


5 VII. Of Mr. de la Caille's Scales. 


As the preceding methods of computing the true diſtance of the Moon 


from the Sun, or from a fixed ſtar, requires a calculation, by ſome ſup- 


poſed too operoſe for mariners in general to be eaſily reconciled to; an 
inſtrument, accompanied with three compound ſcales, is propoſed by the 
late able aſtronomer, the Abbe de la Caille. Theſe ſcales are not de- 
ſcribed with ſufficient diſtinctneſs to enable a workman to make them 
with accuracy; but the firſt conſiſts only of two ſcales of natural ſines 


ſet at right angles to one another, and is neceſſary only in his method, 


which requires, beſides the diſtance of the Moon from the ſtar, the al- 
titudes of that ſtar to be obſerved a little time before the diſtance is 
taken, and both the altitude and azimuth of the Moon to be obſerved 
ſome little time after, (ſuppoſing all the obſervations to be taken by one 
perſon.) The other two ſcales are the principal, and are contrived for, 
aſügning the effect of the Moon's parallax, and the refraction both of 
the Moon and ſtar upon their apparent diſtance; and are grounded on 
this principle, that the effect of the Moon's parallax on the obſerved 
diſtance, is to the parallax in altitude as the co-fine of the angle between 
the Moon's azimuth circle and her diſtance from the ſtar to the radius ; 
and that the like proportion obtains in regard to the refraction of the 


Moon and the ſtar. 


if z be the zenith of any place, 24 the azimuth 7. 


2X appearing in A, and Z X be the azimuth wherein 7 
| ie | DB PF 
let fall on Y & from A; the parallax in altitude, Y A, 6 
will be to Þ B, the effect of that parallax on the diſ- N he 
tance D &, as radius to the co-{ine of the angle aB.  \ 

In like manner if D be the place of the Moon, p the effect of the 
reftaction on her altitude, and) c be the effect of that refraction on the 


diſtance 0 ; Dp will be to ) c, as radius to the co-ſine of the angle 


2 ) C: and the refraction of the ſtar will have a ſimilar effect on the diſ- 


tance 9. . | 


Now 
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Now the triangle z) & being project- 
ed orthographically on the circle paſſing 
through D &, as in the annexed figure, 
in which F, F) are drawn from the 
center F: through z let GH, perpendi- 
cular to AF, and KLM, perpendicular 
to F y, be drawn; then is Gz the verſed 
fine, and zH the co-ſine of the angle 
z , to the radius GH; and alſo Kz the 
verſed fine, and zz the co-ſine of the 
angle 2D & to the radius KL; moreover, 
FH is the co-fine of the arch z* (g), 
and FL is the co-ſine of the arch 29 
(DE) to the radius of the circle 6% ). © . 

Hence if in any circle lines as Fx, F), be drawn from the center, 

king an angle x Fy equal to the apparent diſtance of the Moon and 
Har, and FH be taken equal to the ſine of the ſtar's altitude, and FL the 
fine of the Moon's altitude; the perpendiculars Ro, and Lk, being drawn 
interſecting each other in z, LK will be to Lz as the Moon's refraction, 
or parallax in altitude, to their effect on the diſtance. And in like man- 
ner GH will be to Hz, as the refraction of the ſtar to the effect of that re- 

fraction on the diſtance of the ſtar from the moon. But, moreover, in 
regard to the Moon's parallax, KL is the fine of the arch ) Z, the Moon's 
diſtance from the zenith, to the radius F) of the circle; and conſequently 


the Moon's horizontal parallax will be to the effect of her parallax on the 3 

_ diſtance from the ſtar, as F ), the ſemidiameter of the circle, to Lz. N 

Upon theſe principles the two ſcales, relating to the parallax and the F; 
refraction, are to be conſtructed. But the method is attended with this 


inconvenience, that when the arch? x is ſmall, the lines Hz, Lz, will 
eroſs each other ſo very obliquely, as to make their true magnitude too 
uncertain; and this the author of the method ſeems not to have been 4 


unapprized of, by requiring that the diſtance ſhould not be leſs than 10 
degrees. | | | 
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136. VII. Of the times of the Man's phaſes, and the time of High 


Water. 


The methods given in Book Vf. at Articles 130, 135, 136, for com- 
outing the Moon's age, ſouthing, and time of high-water, frequently 
give thoſe times many hours wide of the truth, and may occaſion fatal 
accidents. It has therefore been judged proper to ſhew how the times of 
high-water are to be found more accurately, unleſs when the tides are 
made irregular by ſtrong winds. = | 

In the Nautical Almanac, the firſt page of every month contains the 
Moon's phaſes at Greenwich ; which are eaſily transferred to any other 


place, the longitude of which is known, by the following 


Rule. To the Greenwich time of the propoſed phaſe apply the dif- 
ference of longitude in time (57), and it will give the time of that phaſe 
at the place propoſed. = 


Exam, I. At: what times in May 1773 did the ſeveral phaſes of the 
Mom happen at Canton in China? : 


Canton is E. of Greenwich (113 13/ g) 7h. 32m, | 

Then the times at Canton for the Moon's phaſes in May 1773, will be 
Full Moon  ©6d. 12h. 34 m. (= d. 5h. 2 m. 7 h. 32m. 
Laſt Quarter 13 7 0 | 
New Moon „ 
Firſt Quarter 29 4 35 


ExaM. II. At what times in March 1773 did the ſeveral phaſes of the 
Mon happen at Halifax in Nova Scotia? | 


Halifax is weſt of Greenwich (63* 31'=) 4 h. 14m. 
Then at Halifax the times of the phaſes required will be 
Firſt Quarter id, Oh. 17m. (I d. 4h, 31 m.—4h. 14 m.) 
Full Moon 8 6 41 . | 
Laſt Quandon mn | 
New Moon 132 8 
Firſt Quarter % 17 45 
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137. = Of the time of High-water. P 13 
| | | | c 
The times of high-water at the ſyzigies are nearly the ſame in moſt l 
places; but the times of high- water from day to day between the ſyzi- 5 
gies do not alter 48 minutes, as is uſually reckoned in pilotage; the dif. 
ference being ſometimes more, ſometimes leſs, according as the waters | 


are ated on, either by the ſum of the attractive forces of the Sun and me 
Moon, or by their difference, conſidered in reſpect to the places of the pe! 
Earth and Moon relative to the Sun. | F 
The following table * being uſed with the time of either phaſe of the its 
Moon, will, in general, ſhew the time of high-water within a quarter 
of an Hour of the truth at any known port, when the tides are not great) 
influenced by the winds. 1 . 
| 138. | TABLE | 
Of the correction to be applied to the time of high-water on the ſyzigies 1. 
to give the time of higb.- water on any other day. of 
"= After | Before | After | Before After Before After Before | Intery, , 
of jn. moor] 1ſt qu. | 1 qu. f. moon ff. moon | 3d qu. | 3d qu. n. moon] of 
time. Addit. | Addit. | Audit | Subtr. | Addit, | Addit. | Adait. | Subtr time. 
D H. H. N. H. Ni. H. M. H. M. H. NI H. M. Ii. M. H. M. D f. 
, 635: v$Jo:;: olo » 
ES $£fS 2210. 90jo. $14 :mis ie 9 6 
Jo 14 37145 jo iBlo [4 37 [s 40[o 18] mn 
180 20614 23 6 o10 270 2614 249 | ©0- 27 13 
oe 3314 $10 20jo 37 fo 3614 9 16 %% 37 ]1 0 
6 4252 566 390 47 [0 45]3 566 390 47 6 
12% 3 46 58/0 5. % 543 46 38/ 57] | 
ne . 54 18 
TERS T7 37 [1 17 ] n. 22-1 3- 22 49 17] 6 27 1 
| / e 179 566} 1 28 6 
„ — $1 f ²⁵P 617239 12 
LIES SEES 21 | x cr | x 3732: 6 |$ qr ju 52 N 18 4 
LL OL 4912-4013 47 | 2 411 46142. 4013 4713: 413-0 
E812 3049 2|2 16 |: „ 2019 23 16 6 
| 2 29 |2 431% 21.19 v9 13 9 12 
38 [2 13|2 1219 3r1|2 44 2 122 129 is 4 18 
1 39 2 58 — 1 „ we ROE 
A 1 i 


If the time to be ſought in this table is between the hours in the out— 
ſide columns, the equation is to be corrected by proportional parts. 


— 


2 


* From M. de la Caille, 
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139 PROPOSITION I. 85 
| "The time of high-water in any port on the ſyxig ies, or days of new and full 
of mon being known, to find the time of high-water in that port on any other day. 


-q 1 nnen 

f. 1. In the Nautical Almanac, ſeek in the given month, or in that im- 

ers mediately preceding or following it, for the time of that phaſe which hap- 

ens neareſt to the given day; and take the difference of thoſe times. 

We 2d: In table (138.) this diff. of time gives an equation, which being ap- 
plied to the time of the ſyzigie high-water for the given port (IV. 137) as 

* its title directs, gives the time of the afternoon high- water in that port. 

5 But if the time of the morning high water is required. | 

55 iſt, Do as directed in the iſt article above, and increaſe the ſaid diff. 


by 12 hours, if the given day falls before the phaſe. 
Or diminiſh it by 12 hours, when after the phaſe. 

zd. The equation to this time (138) applied to the ſyzigie time 
(IV. 137) gives the morning time of high- water. | 


Exam. I. At Portſmouth, where it is high-water on the ſyzigies at 11h. 
15m. : Required the afternoon and morning times of high-water on the 13th 
of Jn and on the 2d of February, in the year 1773. | 
Here the neareſt phaſe to January 13, is Jan. x5d. Toh. rom. = $8 

So the time propoſed is 2d. Toh. Iom. before the 3d or laſt quarter. 

+ Te 2d. Toh. and before 3d. gh. the equation is gh. 5m. 

Then 1 Th. 15m. + Zh. 5m. = 14h, 20m. or high-watcr at 2h. 20m. P. M. 

Again 2d. 10h, tom. + 12h. 2d. 22h. Tom. the eq. to which is 2h. 44m. 

Then 11h. 15m. +2h.44m. = 13h.59m. or high-water at Ih. 50m. A. NI. 


To Feb. 2d. the neareſt phaſe is the Iſt quarter, on Jan. 30d. 7h. 53m. 
And as Feb. 2d. may be called Jan. 33d. 
Their diff. or time after the firſt quarter, is 24. 16h. 7m. 


The equation to which is 8h. 26m. 
Then 1 Th. 1 5m. ＋ 8h. 26m. = 19h. 41m. Or high- water at 7h. 41m. P. M. 
Again 2d. 16h, 7m. — I 2h. = 2d. 4h. 7m.; the equ. to which is 7h. 50m. 


Then 1th, 15m. 7h. 50m. = Ih. 5m. Or high- water at 7h. 5m. A. NT. 

Ex AM. II. On the 11th of March 1773, required the times of high-water 
at Halifax in Nova Scotia, where the ſyxigie time of high-water is at 7h. zom. 

Halifax is W. of Greenwich (63? 20'=) 4h. 13m. 20ſ. | 

The neareſt phaſe to March II is full moon, at 8d. 10h. 55m. 

Which fitted to Halifax becomes | 8d. Gh. 41m. 40ſ. (136) 
March 11, is after full moon, 2d. 17h. 19m. its equation is ih. 35m. 
Then 7h. 30m. ＋ 1h. 25m. h. 5m. P.M. the time of high-water. | 
Again 2d. 17h. 19m.—12h.==2d. 5h. 19m.; its equation is Ih. 18m. | . 

Then 7h, 3om. + ih. 18m. =8h. 48m. A. M. the time of high-water. | 


142, PROPOSITION II. 
The time of high-water in any port being otſ:rved cn any aay, to find the ; ) 


PU Hoe Hao and Mot Abo dE 5 al fo 


time of high-water in that port on the Hxig ies. 


| | SOLUTION | | : 
Iſt, By the difference of longitude reduce tht given time to Green- 
wich time. | i | | | { SF 
2d. Take the difference between this time and that ef the Moon's 
Karefc phaſe, | (136) 
. | 3d. The 


Jon 


_—_— 


352 DAYS WORKS. Bock I 
3d. The equation in table, Art. 138. to this diff. applied to the fag 

Greenwich time, contrary to what its title directs, will give the ſyzisi 

time of high water at that port. —- | "816 


Exam. I. Suppoſe the time of high-water was obſerved in a port to be 
5h. P. A. when it wanted 3d. 175. of the time of new moon; Required jy | 


time of high-water there on the day of new moon. 


Now 2d. 17h. before new moon give an equation of 2h, 41m. | 
The column directs ſubtraction, the contrary: is addition. of 
Then Sh. 2h. 41m. =7h. 41m. P. M. the ſyzigie time of high-water, 
Alſo 3d. 17h. + 12h. 4d. Sh. the equation to which is 3h. tom, + |} 
Then 5h. + 3h. 10m. = 8h. 10m. A.M. the time of new moon high-water, | 


Exam. II. Suppoſe on the 19th of March, 1773, at 8h. 11m. P. MH 
was obſerved to be high-water in the river Senegal? What is the tim of | 
high-water on the full and change days? EN 

The river Senegal is weſt of Greenwich (16* 20'=) ih. 5m. Y 

The neareſt phaſe to March 19th, is the third quarter, at I 5d, 2h, zom. 
which fitted to Senegal, makes 15d. Ih. 24m. 1 

The 19th day is after the third quarter, 3d. 22 h.; its equation is qu. 
41m. which is ſubtractve, contrary to its title in the table. 

Then 8h. IIm.—qh. 41m. = Ih. 3om. the time of high- water on the 


days of the full and change of the moon in the river Senegal. 


141. Of the cauſe why the moon appears to riſe nearly at the ſame time fi 
ſeveral days together at ſome ſeaſons of the year, | 
There are few mariners who have not obſerved at certain times, that 
the moon appears to rife or ſet for ſeveral days together at the ſame time 
nearly, notwithſtanding that ſhe is known to be retarded nearly 48 mi- 
nutes in each day's motion. : | 
This appearance ariſes chiefly from the daily alteration of 5 or 6 degrees 
in the moon's declination, when ſhe is near the celeſtial equator. Now a 


change in the declination of celeſtial bodies will cauſe them to riſe or ſet 


ſooner or later, as well as when the obſerver changes his latitude. 
Thus in the latitude of 50 degrees, when the Sun has 6? of declination. 

he riſes at Sh. 31m. ; but when he has no declingtion, he riſes at 6 o'clock; 

ſo that a change of 6“ in declination near the equinox accelerates the 


riſing 29 minutes. 


By a like change in the moon's declination her riſing or ſetting may be 
quickened or delayed half an hour; but half an hour's acceleration dimi- 
niſhes a great part of the 48 minutes of daily retardation which ſhe ought 
to have; and it to this be joined the apparent acceleration which may be 
cauſed by a lets velocity in the motion of the moon near her apogee, and 


alſo that which may ariſe from an alteration of 3 or 4 degrees in the ſhip's 


Jatitude in 24 hours; it will follow, that the riſing of the moon will not 
appear to be ſenſibly retarded for ſeveral days together. 
Now the ſame cauſe which accelerates the riſing retards the ſetting; fo 


- © | 
when the moon appears to riſe for ſeveral days together about the ſame 


hour, its ſetting will appear to be retarded nearly the double of 48 mi- 


nutes, or about an hour-and half. On the contrary, if its ſetting is nearly 
about the ſame hour for ſeveral days, its riſing will appear to be retarded 
almoſt double of its known daily motion, | gz | 
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Articles 543; 143, 144, 145. 
LOGARITHMIC TABLES. 


I The LT. of Nouns from I to 
I 20, 


II. The LOGARITHMIC Sings, TAN GEN TS and 
Sy oRANrs, to every Point and Quarter-Point 
of the Coup Ass. 


II. The LOGARITHMS of NumBtrs, from 100 
to I0000. 


V. The LoGARITHus of the Sinzs and TAN- 
GENTS to every Degree and Minute of the 
Quaprant, 


/ 


Vol. II. P d 


| 
j 
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LOGARITHMIC TABLES, 


— — — — 


Log. N. 


1 A B L * 
Of Numbers and their Logarithms from 1 1 to 120. 


O Gy Mares 


0500000 
O, 30103 
0947712 
0, 60206 
0, 69897 
0,778 15] 26 
o, 845 10 
0590309 
0,9424 


Log. | N. 


21 [1,32222| 41 
22 |1,34242| 42 
23 |1,36173} 43 
24 |1,38021 
25 11439794] 45 


Log. Ly N. 


Log. 


— — 


N. | Log. 


N. Los. 


1,6232 5 
1,63347 


44 164345 


1,5321 


161278 61 


1,78533] 81 
62 1, 79239 82 
63. 1,2993483 
64 1, 806180 84 1, 92428 104 2,0 1703 


65 1,8129185 1,9242 105 2502119 


1,919 


1, 90849 101 2500452 
1,9138 10 102 


| 


2,0086ch 
O08] 103 2,01 284 


1,41497| 46 
27 1, 43136 
28 1, 44716 
29 1, 46240 
I,o0000| 30 1, 47772 


166275 


50 1.69897 


11,67210} 67 


66 1,8 1954 86 
1,82607j $7 
1,68 124 68 j1,83251} 88 
1, 69020 69 1, 8388 5 89 
70 1, 845 100 90 


1934500 106 
15939520 107 
1594448 108 2503342 
1594939 109 2,0374 


2,02 531 
2 02938 


143. 


o& Logarithmic $4 nes, Tangents and Secants, [ta every _Drarter-Paint if 95 


1,04139; 51 
1507918 32 
1.11394 33 | 
1,74613} 34 2,53148] 
1,17609 35 


1,49136' 
80815 
1,5135 


I, 54407 


ST j1,70757]| 7I 
52 |1,716c0| 72 
53 1, 724280 73 
54 1, 73239 74 
55 (1,74036| 75 


1,85126| g1 
58 5733 92 
1.863320 93 


1,87 506 95 


195424 110 2:04135] 


I,959924| 111 |2,04532 
1,9637 112 , 04922 
1,96848 113 [2,05208] 
1, 86923 94 1, 973130 114 [2,05690 
1,9777211 5 |2,c607c 


15204120 36 
1523045 37 
1.25827 38 
1,2787 39 
1530 1030 40 


1,5 5630 
1, 56820 
1,57975 
7,59 106 


A 


56 1,748 19 76 1, 88081 96 
57 1,7587 77 \1,33649] 97 
58 1,7634378 
59 1,7708 50 79 1,8976 
N 


a 80 fr, 90309100 


1, 89209 98 


11 E E 


dhe Compaſs, 


N Sis e 
Pts. Sines. Co- ſines. 3 e 8 
o | 0,00000/10,00c00| 0,00000 | Inünite. [10,00000.| Infinite. 8 
ö Oz py 9.999480 8.69132 11, 30868 10, oo 2 11, 3092174 
| Oz | 3,99139| 9,99790 8,99340 11,c0660 [10,0c210 |11,00870 | 77 
| O4 916652 9, 99527 9 17125 10, 82875 10, 60473 10, 83348 2 
| 1 | 9-29024| 9.99157 9,29866-[10,70134 0,0843 110,70970 | 7 
 1Z | 9:38557| 9.98679} 9,39878 [10,60122 [10,01321 [10,61443 | 67 
| 1 | 9,46282| 9,98088| 9,48194 10, 5 1806 [10,01912 [10,53718 | 67 
12 982748 9.97384 95530, 10, 44635 10, 2616 [10,47252 6 
2 9, 58284 9,96562 9,617 22 (10,38277 10,0343 10, 417166 
2F | 9,63099 9.95016) 9.67483 0, 32517 10,4384 10, 36901 534 
23 | 9:57339| 9.94543 2796 10, 5204 10,5457 10, 32661 5; 
24 [2.21185 9.93335 9,7770 [10,2230 10,6665 10,28895 | 5; 
3 9.74474 9.91985 9.82489 10,175 11 10,8015 10, 255265, 
32 97750. 9.96483 9.87020 10, 12980 [10,09517 10, 22497 44 
32 9, 80236 9.88819, 9.91417 10,085 83 10, 1118110, 19704 44 
34 9.82708 9 86979 9,9572910, 427 1 10, 1302110 17292 | 4; 
4 984048] 9,8408 1'1,0C000 10,000 10, 1802 10,5052 4 
Co- 1 Sines. Co-tang. Tangens cetera. Pts. 


1, 98227 116 2.06746 
198677 117 2,6819 
1, 99123 118 2, o) 188 


99 1,9964] 119 2,7555 
$2,00000] 120 z, 7918 


— — — ——— 


— — — nn ton 2 


— . —— <> 3 
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Numbers from 100 to 1599. Logs. from ,00000 to 520385. 


O 


1 


|,00000 


9004-32 
,00860 
501284 
501703 
„02119 


90004 3 
500475 
„00903 
013206 
„01745 
„02160 


502531 
2938 
103342}; 
103743 
04139 
4532 
„04922 
05 308 
„0569 


06446 


02572 
02979 
03383 


2 


— EY 


coO87 
„005 18 
500945 
„01368 
501787 
„02202 
502612 
„03019 
1024.27 


„06070. 


72 022.0386. 
041795042 18 
04571 504610 
04961504999 
„5346,05 85 
0572905767 
06108, 06 145 


6919 
507188 


2238 


0648 3,06 521 
obs 5595506893 


»07 591107628 


07225107262], 


3 


7 


00130 
500561 
„00988 
„01410 
01828 
02243 
502653 
„3060 
03463 
„03862 
5042580429) 
5046 50 
05038 
08805 
05805 
506183 


103 

„01452 
01 870 
„02284 
02694 
„03100 
303505 


„04297 
204 68g 
»05077 
05461 
-05843 
0622 


659 5 
86967 


203902 0 


-00604|,00 04.” 


501072 
501494 
201912 
402325 
82735 
10314] 
03543 
905942 
204336 
904.727 

505115 
505500 
„05881 
„062 58 
„06633 
507004 


87235 


4/07 700; 


[09342 


| [19037 


129 11059 


„079185 
03279), 
yo 8636 
50899 


509691 


510380 
110721 


12795 


0867 2,0870 
9, o 
0937709412 
1097201097 CO 
2574 5816 


,Q79YCj,C 


510415 


510755 


512385 


11394 
511727 
12057 


512710 
13033 
1 3354 
13672 
513988 
514301 


511428 
„1176 
1209 
212418 
12743 
„1306 


„11093 


510449 
10789 
11126 
511461 
11793 
512123 


„12450 


509795 
510140 
„10483 
510823 
„511160 
711494 
11326 
„12186 
1124 3 


42050 


2133 „13418 
p 13704113735 
14019), 14051 
214333114304 


13130 
513450 
213707 
„14082 
24395 


12808, 


„C8063 
08422 
„8778 


D 


09482 
,09830 
„1017 

510817 
10856 


507372 


5077 37 


„Sog 
„08458 
508814 
509167 
509517 
„09864 
„10209 
„10787 
108 


11193 
1152817565 
17817899 
121891222 


l 
12 40 
13162 
13481 
13799 


1127 


1254 
„12872 
,13194 
513830 


14114 
414426 


514145 
514457 


7500260 


50358 


„00689 
201115 
„ot 536 
101953 
„02 366 


„02776 
03181 


103981 
04376 
„04766 
585154 
05538 
„05918 


oc 30 
500732 
„01157 
„01578 


„01995 
02407 


503222 
903023 


+028 16) 


8 

,C0346 
500775 
„01199 
01620 
02036 
502449 
503262 
503603 


204 O21 „04060, 


0441554454 
20480504344) 
505192505231 
055765056 14 


0296 


106670\,06707 506744 


5704 1 
„07408 


307777 
— —— H—— — 2 
8, 7083 


08493 


,0884 0 9 50 


505956, 05994 
„0633306371 


„7078, 07115 


„O41 
7 ——— 


| = 5 = 
ae 


E 


00399 
,00817 
012429 
01662 
„02078 
502490 
„02898 
03302 
503703 


04493 
Mat] 
„05269 
505652 
,c6032, 
„06408 
„067811 
507151 
07518 


. 


>. 


107465 507492) 
507 09 »07 546 


p08 529 ,08565 
888408920 


09e o, 9237072 


„095 52, 


510243. 
„10585 


10924 


ogg, 


09 587 0962 
09934 >09968 
1027810312 
2061910853 


20958510992 


2882 


„08600 


089550. 


„09307 
„09656 


11260 


11 594 
„119260 
512254. 
512581 
„12905 
113226 
313845 
„13862 
514276 
14488 


16732 


217309 


114613 
514922 
„15229 
115534 
215836 
16137 
1164.35 


517026 


17609 
517898 
18784 
518469 
18752 
19033 
519312 
19590 
519866 


120140 
— — 


14644 
914953 
515504 
51 5 66 
516167 
„16465 
416761 
1705 
117348 
(17638 
12 
518213 
11849 
,18780 
,1906 r 
519340 
519618 
19893 


14675 
14983 
715290 
515594 
15897 
516797 
16791 
„1708 5 
22277 
517009 


17955 
18241 


13526 
18809 
19089 
„19368 
519645 
519921 


520167 


* 


20194 


„14706 
15014 
515320 
15625 
515927 

16227 


16 20 
217114 
237406 
, 17696 
517984 
518270 
518 5 54 
51971) 
519396, 
519673 
19648 
520222 


1473714708 
515045, 15076 
15357515381 
5565 5,5685 
15957515937 
1625615286 


16 24þ16554916584 


168 500 16879 
517143 517 173 
117435317404 
17725517784 
18013518041 
51829818327 
518 583, 18611 
„18865, 18892 
AE: ah edtt. 
19424 319451}: 
eas: 9 72 
1997602000. 
20249270 


2 


14799 
„15100 
515412 
215715 
516017 
516316 
„16613 
1690 

17202 
117493 


,1807 
18355 
18639 
518921 
1920¹ 
194759 
„19751 


921294917327 
$11628311661 
1195931592 
12287512320 
1261312646 
12937512969 
132586 13290 


13577 
„13893 
14208; 
14.520 


p I 3009 
13925 
14239 

214552 


111694 
z1 2024 


„20305 


15137515168 
1844687 


cb47 16677 
263416376 


1723101726 
27522 17551 


(14829 þ14860] 


,16643|, 16673, 
»16936|16967,, 


D ral 69 
c 


18099018127 
1838418472 
„18667 
18949 


197869811 
200 58 2008 5 
20330 20258 


6 : 


7 8 


19229019257 
.19507|19535/, 19502, 


519838 
Shag 


. 


. 
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—— OA. — 


* 


8 


222789 


520412 


5526717 
527184 


„20683 
„520951 
521219 
21484 
521748 
522011 
322272 
522531 


230 5 
523300 
23553 
52380 5 
524055 
124304 
224551 
224797 
22 5042 

#79 12 1 
180 |,25527 
. 6080 
526007 
126245 
526482 


526951 


227416 
527646 


20439 
520710 
„20978 
121245 


521511 


221775 
522037 
522298 


122557 


22814 


„21005 
521272 
221537 
521801 
522063 
522324 
522583 
522840 


4656, 20493 


522866 


520763 
521032 
521299 
521564 
521807 
522089 
522350 
522608 


520520 
20790 
121059 
521325 
„21590 
21854 
522115 
522376 
522634 
522891 


220847 
520817 
„2108 5 
521352 
521617 
521880 
522141 
522401 
„22660 
122917 


220575 
520844 
521112 
521378 
521643 
521906 
522167 
522427 
„22686 
22943 


| 


522453 


„20602 
520871 
521139 
21405 
„21669 
521932 
22194 


522712 
922968 


,20629/,20656 
„20898 
21165 
521431 
521696 
21958 
522220 


22479 22505 


222737 
222994 


An 


bs 
Numbers from 1600 to 2199. Logs. from 20412 to, 34223. 


5206 

woe” 
»21192 
22145 
121722 
521985 
7 22246 


122764 
223019 


23070 
23325 
23578 
23830 
524080 
24329 
2245706 


524822 


22 5060 
25310 


523096 
223350 
23603 
52385 5 
324105 
224353 
524601 
524846 
225091 
125334 


523121 
523376 
523629 
523880 
„24130 
24378 
52462 5 
524871 
52511 5 
25358 


524155 


223147 
23401 
23654 
223905 


524180 


523172 
523426 
523679 
223930 


24428 
nts: a8 a 


523198 
223452 
523704 
52395 


524403 
246 50 
524895 
225139 
12.5382 


124674 
724920 
25164 


225406 


»24699 


525188 
125431 


3 
£24203 24229 
5244 52424477 


124944 


223223 


7223729 
23980 


524724 
524969 
525212 


2455 


223249,23274 ä 
523477523502, 23528 
23754523779 


524005 


524502 


525551 
525792 
526031 


525575 
525816 
52605 5 


26269 
526 50 5 


526293 
526529 


526553 


526741526764 
52697 5526998 
527207527231 
12743927462 
2766927692 


2 5600 
»25840 
526079 
526316 


126788, 
527021 
527254 
527485 
127715 


| 


227738 


525624 
525864 
526102 
226340 
„26576 
526811 
127045 
227277 
527508 


525888 


52 5648 


„26126 
526364 
„26600 


725672 
525912 
526150 
26387 
526623 


7226881 


526834 
327068 
527300 
227531 
27761 


5268 58 
227091 
27323 
527554 
2284 


525696 
225935 
526174 
9204.11 
526647 


227114 
127346] 
527577 
127807 


24030 


29885 


3263 


527875 
„28103 
„28330 
„285 56 
528780 
529003 
529226 
129447 
29667 


527898927921 
28126028 149 
2836328375 
28 578528601 
ot apo 
2290265 52904 


| 


529070 


529248 
29469 
529688 
„29907, 


529270 
529491 
529710 

22222 


130103 
530320 
230535 
530750 

30963 
531175 
537387 
31597 
531806 
932015 


— 
532222 
532428 


32335 
33041 
33244 
33445 
33646 
33845 
3484.4 


| 


13012530146 


230341 
30557 
530771 

30984 
31197 
531408 
531678 
31827 
22835 


„30146 
139363, 
30578 
30792 

31006 
„31218 
231429 
31639 
531848 
332056 


227944 
528171 
„28398 
„28623 
28847 


| 


529292 
229313 
929732 
229951 
30168 
„30384 
5306 
308 14 
531027 
13123 

531450 
531660 
531869 
32977 


32243 
532449 
232054 
3285 

533062 
33264 
33465 


32263 
„32469 
32675 
532879 
532082 
33284 
33480, 


3366 
33866 


340431084 


O 


* + |. 2 


32284 
32490 
532695 
32899 
33102 


527967 


28194 
528421 
„28646 
28870 
529092 
529314 
29535 
2297 54 
929973 
130190 

39496 
30621 
30835 
„31048 
531260 
31471 
531681 
531890 
2098 
32305 
532510 
32715 
32919 
533122 


23 3304 
23500. 


,33686/,33706,33726 


, 33335 33905733 
134104, 2412423508 


4 3 1 


5 


33325 
3352 


27989, 28012 
528217528240 
528443, 28466 
223668 ,28691 
28392528914 
2911529137 
29336529358 
29557529579 
12977 6,29798 
12999443001 6 
3021130233 
530429, 30449 
30642, 30664 
„308 56, 30878 


233143 


31069 
531281 
31492 
531702 
531911 
532118 
— 
»32325 
»32531 
32736 
532940 


33345 
33540 
533746 


31091 
31302 
531513 
231723 
31931 


932139 


28035 


528488 


2871352873 5],28758| 


— 
29 380 
„29601 
529820 
30038 


53025 5% 
230471 
„3068 5 
30899, 
31112 
31323 
31534 
531744. 


528262 


29181 
229493 
529623 
529842 
„30060 


28 533 


„29203 
29425 
529645 
„29863 
„30083 


302765 30298 


3049 
13070 
3092 


23113 


30514 


7130728} 


; 


30942 
31154 


31345,31366 


31952 
32160 


131973 
332181 


22537 
53176 5,3178 5 


31994 
322010 


32346 
532552 
532756 
232960 
33163 
33365 
33566 
33766 


925 


33965 


733945 
ELSE 


"32306 


»325721,32593 


32777 
„32980 
533183 
333275 
335 

33786 
3398 51,3 
[334183 


32387 


232797 
„33001 
233203 
233405 
533606 
33806 

3400 5 
534203 


3240 
„32613 
„32818 
533021 
3322 
233425 

33626 
338264 
34025 


7 


8 


3422 
= 


TABLE or LOGARITHMS. 144. 357 


Numbers from 2200 to 2799. Logs. from 534242 to 444700, 


S $0 #3 3 | 4 7-6 7113 o | Ss 
[34242] 34262], 34282 534.301 »34321],34 3411334361 » 34.380}, 34400. 34420 | 
134439þ 34459} 34479, 34498, 34518[,34537]» 34557134377 134590}, 34616 | 
3463534655 Dr ee 3475 3%34772ʃ, 34792, 34811 | 
348 30, 343509348691, 3488934908, 34928, 34947, 34967, 34986), 3<cc 5, 
'350251135044],35064,35083, 35102) 35122/,3504 35169,35189,35 99 
35218, 35238 35257535276.35295 235315535334,35353,35372 35392 
35411, 35430,35449,,3 546835488, 35 50%, 35526,35545,3 555435583 
35603 35622|,35641|35560/335679|,35698,35717,35730,357 551,352 74 
228 „35793258 13,358 32,385 135870, 35889, 35908, 35927, 3594638964 
535984 36003 » 3602 11, 36040 36059 36078 „36097, 36116 536135ʃ,361 54. 
„36173536192,36211 3622936248 36267, 36280 36 30 5, 36324 36342 
„3636 1, 36380, 36399, 364 181,364.36 36355 3647436493365 
3654936568, 36 586, 36605 36624, 36642, 3666 1.36680, 3 698, 367 
36736, 367 54,3677 3,3679 2368 70, 3682 36847, 3686636884 
„37922 ,36940, 36959 36977 „36996 537014 .37933- 3705 1,3707 
37107, 3712 5,37 144 37162, 37181, 37199,37218 37236537254 
36 , 3729137310, 37328, 37346, 37365, 37383, 3740137420, 37438 
237 3747837493377 3753037548, 3756 37585 376037537621 
238 37658 377,37694,377 12,3773 1,37749,37767.3778 5, 37803 
239 37840½2328883782 5328943791279 13704937067. 3708 5. z8 0 
240 38021, 38039, 38057 53807 3809 3, 281175 35 730.3148, 38 1661, 38784. 
241 3820238220, 38238, 38256, 382 741 33292,38310,32328,38 24% 5835 4 
242 » 333824338 399 1334271, 384.35 5384533847 538789, 38 50738 525 3855 5434 
243 38567 38578, 38 596, 386 14, 38632, 38650, 38668/38686, 387035387211 
244 38739 5387 5753877538792, 388 10, 38828, 383846. 38 86 3,3888 1 38899 | 
245 |,38917|»38934;-38952|, 38970, 38987}, 3900 5, 3902 3, 39041 395839070 
| 1246 »39094139111(939129|39146(2391641439 i $2], 39199},39217{,39235 439252 
147 39270,39287,39305,39322 2 39340þ 3935013937 5 39392.33941 0439425 
248 39445 +39463/239480\ 39498 8 8855533. 55550% 58568, 35585 33602, | 
249 |»39620/, 39637;» 390551» 39072|35690j4 397071: 39724439742; 239759430777 | | 
250 39794 39817,39829 39846,39863,39881 3989839915 3993339550. | | 
251 4,3996 7, 3998 5, 40002, 400 19, 40037, 40054 40071 1026 40408 401234 
252 40140%40157,, 4017 5%, 40192, 40209. 40220, 40 43 40201540278 4829 I} 
253 403 12540329, 40340, 40364, 4038 1,4038 8,041 5 549432040440. 
1254 40483 40 500, 405 1840535 405 5. 40569 140 586, 4059340620, 54 832 
4255 40654, 40671, 40688, 40705, 40722, 40729, 407 360 4.97721,4079% 408094 
256 f, 40824, 40841, 408 58 40375% 40892, 40909, 40926 540945409 58,40% 63 
257 54099 3,410 10, 41027, 41044 4105 1.41078, 4109 5541111411284 61454 
258 41162, 41779, 41196, 412 1241229 4124004123 4128041290) 1412 154 
$259 |þ41330|41347|}$1363j,41380|,41397},4 1414 1414303414474 L0G 4! 481 
260 414975415 74½54153141547541564)41 818175 5974416 14,416 35401647. 9 a | 
261 [,41664,4 168 1,4 1697, 417 14\,41732þ41747,41764,41780;,41- 97 411814. * | 2 ol 
262 418 30, 41847, 41863, 41880, 41896, 4791304732 941946 „21963 4197 9 | 
263 4199642012, 42029 424542062 4 2078542095 5542111 242127, 5421 444. 
264 [,42169|42177|,4219 3j42210j,42226|, 4224342259 42275542292, 223081 
265 4232 5,42341,42357, 4237442 390. 42400 $2423 342430 (:42455 242472] 
142488 ,42504 42521 142537þ42553]42570 4258642602 54259 24295 55 
267 42651 „4266742684 en 42716,427325 42749 142765 42781115 27 þ 
268 , 428 13428 30, 42846, 4862 „42878 428544291 15 42927½42943 4 IT; 
26g | (4297542991 „43008, 43024, 43040 43050443072. +43083j,43104: »&-2 1204 . 


8 
— — EE IIS 


_—O—_ * 


— 


9 


— 


3 
to 
S 
O 


70473643752 ,43769, 4378532013275 43233744249 432653287 
12710543297743313ʃ,43329/43345½43364½433 777433932 330954342 5, 9+ Io +2] 
272 [434-571-4347 343489 »+43595|þ4352 11443537 343553543509 443524 443659 
1273 436 16[,43632[,436481,43654[,43680j,43096 343712943727 34 3745 +437 59þ 
274 [4377 543791114 330743823,4.383 38{-43354 145870143556 43902 430 37; 
2 45933 4394943965 14.3981 43996 144012 244025 4440455344059 3440754 
bn 276 |,44041/,44107|444 122; 44138544154 44170, 44185, 4201 „44175 428 
3 


Un 
to 

— 

Wy 


77 [4424814204 4427414429 5144313444326 244342 344353 34437 3,54 +3” 
278 [44404 14442034436 144451 1444671,44483 :44498 ,44514 344 5 0/544 3 
279 [4456s 144576 5924927 144023 »44035 44.4054 44669 4468 5/244 "4 0 
N* © I 3 3 4 1; 1 8 I 


2 292 


TABLE or LOGARIT HMS. 


- .D 


544871 
745025 


45484 
545637 
45788 


46389 


546587 
34083: 

546982 
547129 
47276 
147422 
147507 


© 2 
44716, 
44886 


1 
44731 


45040 


545179743194 
2453321145347 


245500 
4588. 
545802 


45939545954 
14609046105] 


24824045255] 


40404 


405284555 


45702 


46849 
| 


146957 
547144 
147 290 
247436 
4.7 582 


147712, 
547857 
48001 


48287 
48430 
48 572 


9 - 
48990 


48744 


1487 14: 


147727 

47875 
48015 
48 159 
548302 
48444 
2 
548728 
548869 
549010 


| 2 
| 


344-902 
45056 


3 


| 


6 


5 


144, 


Numbers from 2800 to 3309. Logs. from 2447 16 to »53135; 
BY BB 


144747144762 144778 4479 544809 


545209 
45362 
45515 
45667 
545818 
45969 
40 125 
46270 
46419 
3546568 
46716 
46864 
47012 
47159 
947305 
147451 
147596 
147741 
47885 
4802954 


44917 
45071 


45378 
545530 

45682 
45834 
145984 


46135 


46285 


145225) 


144932, 
45086 


45393 
5245545 
545697 


460 


45²40,452 55 


461 50 
46300 


54494 


245102 


24549 
45561 
545712 


45849, 45864 


546015 


46165 


8 


544963 
45117 
45271 
»4 542 
14557 
45728 
48879 
„460 30 
46180 


44824 
16-4979 
„45133 
45286 
45439 
45591 
45743 
45894 
46045 
46795 


46315 
«4646 


46330 


464 34 
46883 
4673¹ 
46879 
47026 
747173 
947319 
47465 
547611 


5464491, 4 
46598 
4674 
46894 
47041 
547188 
$48! >. 
474 

147625 


8466134 
46761 


47055 
47202 


07547494 
147640 


»47750 
47900 


48044 


547770 


48172 
548310 
548458 
„48601 
4874 
48883 
49024 


48187 
4833⁰ 
48473 
48675 
148756 
48897 
549038 


48 8258 
48202 
48344 


4877 
48911 
549052 


47914 


48487 
48629, 48643 


47784047799 
547929 
24807 3 
48216 
483 59 
748 50¹ 


548785 
548926 
49066 


. 


47349 


46479 
546627 
46776 
46923 
147070 
47217 
47363 
47 509 
425847 


547799 
147943 
48087 
482 30 
48373 
48515 
48657 
48799 
48940 
49080 


ſ 


146344) 


404 


44940 
144-994 


545301 
145454 
„45606 
45758 
45509 
46060 
462 10 


46494 
„46642 
46790 3 
46938 
147055 
47232 
47378 
547 524 
42869 


„46 509 
246657 
46805 
46953 
247 100 
47240 
47392 
47538 


47813 
47958 
548101 
48244 
48387 
248530 
48671 
48813 
48954 
149094; 


549136 
49276 
549415 
149554 


5 49831 

149909 
„50106 
250243 


28372 


50515 

„58680 
150786 
50920 


551983 


5522 


49693 


549150 


24929049 


49164 
304 


349420 
549560 
549707 

54985 
49982 
„50120 
5502 56 


550393. 


49443 
49582 
497² 
498 59 
49996 
50133 
„50270 
50406 


49178 
49318 
149457 
49596 
49734 
49872 
„50010 
5501475 
„50254 
„50420 


549192 
149332 
249471 


49748 
49886 


50161 


5029) 
„50433 


550529 
„506640 
50799 
250934 


„51084557055 
5118857202 
451322 ,51335,51 348451362 
151455 »51468\, 51481251495 
251587) 


„51995 


50542 
50678 
„50813 
„50947 
551081 


151215 


„50556 


„50691 


„50826, 


550961 


51055 
551228 


50 569 
„50705 
550839 
50974 
„51108 
551242 
551375. 


„5 1508 


„49610 


„50024 


„49206 


5409220 
a © 


»492 34 


»49346 
+49485 
49624 
49762 
549900 
550037 
50174 
pat bb 
550447] 
50583 
507183], 
250353 

: 599357 
„51121 
551255 
„51388 
351521 


„516017, 55161251627,51640, 81654 
1$1720\,6173351746 551759 s $1772',51786}. 


249360 
49499 


549770 
49914 
„50051 
50188 
150325 
„503 61 
50596 
50 320 
„50866 
„51001 
51135 
55 1268 
51402 
151534 
551067 
31209 


57851 51865,51878,5789151964,51977 


52009, 52022, 52035, 52048 


52114, 52127, 52140, 5218352156 


55225752270) $2283,52297 


O 


„52686 
„52815 


„52943, 


552179 
52310 


52375˙52388,52401,52414,52427,52440 
152504,52517952530352543'»52556',52569 
55263 5264752660,52673 
52363 52770,527 89,5280 
52892,52905,52917,52920 
520553033346 ,53058 1539719530 4 


„52699 
Lane 


5529 


551930 
„52061 
552192 
„52323 
32453 
„52582 
„52711 
„52840. 
6152969 
„53097 


49038549651 


49374 
„4951713 


49790 
49927 
„5006 5 
„50202 
550338 
50474 
506 70 
288358 
„5o8 80 
551014 
„51148 
„51282 
55141 

3154 

51630}, 
»51812 


551943 
52075 
„52205 
552336 
552466 
152595 
p SEAS 
52853 
„52981 


147972 
548116 
482 59 
48401 
48544 
48686 


„49108 


4966 5 


49941 
50079 


8932 
„50488 


550759 
150893 
„51028 
„54162 
551295 
„51428 
„51561 
516930 
+5182 25 
251957 
258 
52218 


„52479 
„52608 
152737 
552860 


152994 


»53110,,43122 453135 
| | 


8 


545148 


48827 
48968 


49248 
49388 
49527 


49803 


550215 ' 


50623 


251441 
þ51574 


61838 
„52100 


„523499 


46359 


47683 
47828 


5730 


51706 


57970 


„52231 
52362 
„52492 
„52621 
552750 
„52879 
„53007 


3 


* 


TABLE or LOGARITHMS, 14. 359 


Numbers from 3400 to 3999. Logs. from, 5 3148 to 560195. 


... © 


5319953772 
„5332653339 
553453553466 


„53173ʃ,531 55 
8.53301, 53314 
„5342853441 
553555,53567 
8,5368 1% 5 3694 
„53807 53820 
253933553945 
„54058, 5407 

55418354195 


„54790, 54802 
„549135492 5 
„55035, 55047, 5 5060 


„5529 1,55303 


56467, 56478 
56585, 56597 

256703556714 
55820, 56832 : 
56937, 56949 
„57054, 57066 
57171/57183 


56726,56738 


5753457646 
1537749 357761 
157864,57875 


15777-157784357795 
1573<712573899457910 


 1,58206', 58218 


„58570, 5868) 
58782,58794 
„58 94% 53906 
259000", 5901 7 


— — — 


„50023, 50040 
— — — ny 


5522453237535, 53263 
53352 .⁵3364ʃ, 53377553398 
153479153491153594 353517 
253605,,536181,53631,4535434 
53232553744, 5375755376 
53887535704. 53882,53895 
539835399 0.54008, 54020 
15+10Þ,, 541201,54133/>54145 
572 339 3424 51454258 ,54270 
103357 254370þ 54382'3 54394 
23435 165449454506 545188. 
545988457, 54630, 54642 
5472 5496475554588 
5485154864,5487 6, 5488 
5797454980, 54998,55011 
23599055108), 55121|55033/ 
»55218|,55230|,55242|,5525 5) 
155240553521:553641,55376! 
55401/5547 3.5543 5,5497 
+555321,55594[,55606|,55618| 
55703557 151+55727|-55739| 
1558231.55835|,55847], 558 59 
255943]-55955[-55967]> 55979 
» 500621, 560741, 50086), 5608 
55182, 56794½ 5620 5, 56277 
56301/56312, 5632456336 
554190, 5643 1, 56443, 56455 
56538, 56549]. 5656 156573 
56656 56567, 56679, 5669 rl 
572355678 5, 56757], 56808 
5589 2 56992], 56914/,56926 
57008, 57019, 5703 1.57043 
5212457136, 57 149, 571 50 
5724157252, 57264, 5727 
57357557368, 57380, 57392} 
„5423557484, 57490, 57 5% 
57588, 57500, 57611157623 
5572030577 15ʃ.57726, 57738 
5781857830, 578415, 578 52 
1579351157944|457955! 579670 
„58047, 58058}, 58758087 
58161,58172,,58 18458195 
58274ʃ.58286, 58297, 58359 
55388, 58 399, 5841058422 
5850758512, 58 524,58 535 
58575852 5, 58636, 58647 
58726587 37, 58749/58764 
58838, 5888 50, 58861888 
589 50, 5896 7,53973 


59118,59129 


59 2945950, 59517. 58 528,595 39 
59605 59816 59527, 59038 


» 590621, 5907 21, 59284 
139173] 59154159195 59207 
59284, 5929 5,59 306, 55515 
59395/59406, 59417/59428 


59715597259 737/ 597480, 597 50 


598240598 35,5984 6.598575 


599345994559) 5659960.5997% 
-60043,,60054/,60065|,60076!,6008% 


! 6108,60119 


= E 


_— 


OE 


O > 


I 


E 


Go 20 
60314 
6042: 
605 30 
„60638 
„0740 
560853 
609 5c 
,0100t 
561172 


68217 
60325 

98433 
„50540 
„60549 
„60756 
60863 
09 
„51077 

61183 


13 42 


„00228 
„60336 
b /e 
„605 52 
„600 
560767 
„60874 
„60981 
„61087 


56127 
„61384 
„51490 


561595 


,6170c 
„61805 
561909 
562014 
562118 
(1 ; 

562221 


„51288 
„61395 
56 1500 
„6160 
„561711 
561815 
„51920 
562024 
„62128 
562232 


„01 300 
„61405 
„61511 
„61616 
561721 
51826 
„61930 


562138 
„62242 


239 


„62325 
„62428 
62531 
562634 
282737 
562839 
„62941 


/ 56304 


„63144 
463246 
563347 
7562448 
5635485 
„03649 


102.335 
62439 
562 542 
562644 
„52747 
„62840 
62951 
263053 
963155 
563255 


63357 
„6345263468 


„63558 


63249 
263849 


56446 


„63759 
63359 


56394963959 
„6404 8,640 58 
6474764757 

5642 86 


440 46434504355 
441 564444644 5464464½64473 


442 
443 
444 
445 
446 
447 
348 


450 
451 
4 52 
457 
1454 
455 
1455 
1457 
458 
459 


a 


439 465225 


N 


64542 
564640 
564730 
„67836 
564933 
365031 
405125 


64552 


„64650 
6474 
„64846 
64943 


65040 


65137 


-32 4 
I YES 


62346 
562449 
5625527 
„62655 
662757 
„62859 
„62961 
„6306 

11 
„63266 


563367 


7563568 


636 59, 63669 


563769 
„63869 
563969 
„64068 
64167 
„64266 


64365 


64862 


„64660 


564758 
5648 56 
„649 53 


„65147 


565321 
565418 
565514 
„65610 
565706 
565301 
„65896 
55992 
„66087 
„6518 


65331 
65427 
65523 


65906 
66001 
„66096 
566191 


65820 
565916 
„66011 
„66106 


5 


5661194 


„62034 


„6 50 50 


565244 
„683475350 
65437 
65533065543 
65619, 6562965639 
5521555725 565734 
„658716 


———ͤ— 


3 


„60563 


„60991 
„61098 


— — 


„6141 

„61521 
„61627 
„61731 


561941 
„62045 
562149 
„62252 


* 


5624 59 
„62 562 


„62767 
562870 
56297 
63073 
563175 
„63270 
63377 
63478 
663579 
263079 
63779 
63879 
63979 
564078 
64177 
564276 


64375 
64572 
„64670 
64768 


64963 


105254 


65447 


565830 
„6592 5 
„66020 
„66115 


„66200, 66210 


- 60239460246 
,6C347/,60358 
„6045 5:, 50466 
„60670, 60681 
60779 
„60885, 


56120461215 
»01310/\,61321 


„61836 


5523 56,6236 


„6266 5 6 


„6486 5,6 


6 5060 
565157 


114 


E 


6 


60574 


„60788 
„60895 
„61co. 
„61100 


„61426 
561532 
561637 
561742 
561847 
„61951 
„6205 
„62159 
„62263 


60260 
60369 
60477 
„60 584 
„60692 
„60799 
500906 
„61013 
„61119 
561225 


„60271 
607 
o 
60595 
5070 
„608 10 
„509 
561023 
561130 
561236 


To: 
500282 
„60390 

60498 
,606c6 
660713 
„60320 
„60927 
7561034 
„61140 
61247 


8 
560401 


560617 
60724 
560831 
„60938 
„61045 
561151 
„61257 


561331 
561437 
101542 
„61648 
561752 
561857 
„61961 
„62066 
562 170 
„62272 


61342 
„61448 
„61552 
2 
„61762 
„61868 
„61972 
„62076 
„62180 
„62284 


562469 
„62572 
562675 
562778 
„628 80 
„62982 
63083 
563185 
„63286 


63337 


63589 
„63689 
63789 
„63889 


„64088 
564187 
„64286 


1 


„63488, 6 


„63988, 6 


562377 
„62480 
„62583 
„6268 5 
562788 
„62890 
„62992 
63094 
„63195 
„63296 
563397 
„63498 
663599 
63699 
563799 
„63899 
„63998 
„64098 
664197 
„64296 


„62387 
„62490 
62593 
62696 
„62798 
„62900 
563002 
„63104 
562205 
„63306 


63407 
„63508 
63609 
53709 
„63809 
63909 
„64008 
„64108 
„64207 
64306 


563819 


61352 
„61458 
„61563 
„61669 
161773 


4 


61982 
„62086 
„62190 
„62294 
——— 
„62397 
62500 
„62603 
„62706 


„62910 
63012 
„63114 
563215 
103317 
103417 
63518 
„63619 
63719 


63919 
„64018 
„64118 
564217 
64316 


„61878 


„62808 


„61469 


561679 
„61784 
„61888 
667993 
62097 
162201 


zem 
562511 
„62613 
„62716 


„62921 
„63022 
63124 
663225 


363528 


260293 


560 50g], 


„6136356 


„61574%6 


„628186 


63327 
6342863430 


366 TABLE or LOGARITHMS. 144, 


Numbers from 4000 to 4599. Logs. from „60206 to 166266, 


623046 


2829 
62931 


„63629 
203729 


64385 
564483 
„64582 
„64680 
„64777 
f 4875 
564972 
565070 
„65167 
165263 
»05360 
„65456 
665552 
„65648 
165744 
65839 
„658935 
565030 
566124 
565219 


564395 
564493 
= 
04.659 
»64787 
56488 5 
564982 
565079 
565176 
565273 


„64404 
64503 
„64601 
64699 
564797 
64895 
64992 
65089 
„65186 
565283 


64414 
564513 
„64611 
564709 
„64807 
64904 
565002 
155099 
»05196 
„65292 


„65 862 
565658 


„65 369,65 379,6 5389 


6546655475 


565067 


565753 
565849 
55944 
„66039 


565763 
5658 58 


165954), 


„66049 


655716 


65485 


„66058 


„66 134% 66 143,66 153, 
566229,66238,66247 


565011 
565108 
„65205 
565302 


„65398 
65495 


81568591 


77565686 
2.65782 


565 77 


8 5 


565696 


65792 


„65887 
65982 
„66077 
„66172 


2 571,66266 


9 


* 


eee 


— _ 


— 


— 


— -——_— 


11 Co Wn (oY Gon Wy Fs 


= to& 


»=2\k=1 


— 


— 


— — 


3 err 


N 


O 


450, 552765 U8285 
663700663 8 
6646466474 


66558 


66745 
60839 
669 32 
67025 
667117 


665 526656 


1 


„66 567 


„66755 
„66842 
„66941 
67534 
7567127 


66671 


„68034 


$6 58664 
68753 


„58931 
09929 
569 108 


199197 
69373 


569548 
„69635 
„69723 

698 10 
9897569906 
„69992, 70001 
„70079, 70088 
7016 5, 70174 
70 52,7050 
70338, 70346 
570424, 70432 
70 50g, 70518 
70 59 5|,70503 
„70766, 70774 
„708 5 1, 708 59 
570935,70944 


69984. 
70070 
70157 
570243 
270329 
170415 
270501 
170536 
170672, 
170757 
70842 
170927 
571012 
271096 
71181 
571265 
271349 
171433 


107302 
67486 


667761 
6678 5² 
107943 
,68124 
„68215 
68305 


6830 5 
5848 5 


68574 


„68842 


09285 


69461 


67210567219 


65739467403 


567578 
67869 676 


»07311 


»97495 
67587 
„67678 
567770 
„67361 
5679 52 
568043 


567228 
107321 
»67413 
„6750 
„67 596 
„67688 
„67779 


„67870, 67879, 67888 


197979 
268070 


„67961 


„680 82 


2 
„66295 
66389 


„66857 
5669 50 
„67043 
267130 


3 


— —— 


„67970 
„6806 


558133 
632 

568314 
„68402 
68494 
568 583 
68673 


5688 517 


|- 


»68762[,63771 
»68940|,03949 


„68142 
568233 
„68323 
68413 
„68502 
68 592 
„568681 


68860 


„68511 
568601 


„69028 


569381 
569469 
569557 


„69819 


„71020 
571105 


571273 
771357 
71441 


229 71517971525 


O 


„69 117,69126 
5920 9,592 14 
5692939 302 


»69644/,60053 
569732, 69740 


571189, 71198 8 
71282, 1290 
571360 


69037 


69390 
„69478 
„69 566 


„69827 


„69914069923 
700 10%, 70018 
„70096, 70105 
„70183570191 
702697078 
703550364, 70372 
270449 
„70526570525 
„70612570621 
70697 7070 
5078377797 
„70868,7 0876 
70952579 
„7103771046 
571130 


71029 
„71113 


569223 
569311 


„69662 


4 


„6815168160 
„68242ʃ,68251 
„68332568341 
„68422ʃ,68431 
„68 520 
568610 
„68690ʃ, 68699 
„68780ʃ,6878 
68869, 68878 
„689 58568966 
69046569055 
„669135569144 
„69232 
69 320 
„5939969408 
„69487069496 
„6957469583 
„69671 
6974969758 
„6985069845 


597532 
»67624.,67 33 


9568797 


5 


66789) 
„67988 
68079 


91166521 


5.66894 


MM. 


„66304, 53 14,66323 56332 
166398 ,66408.654 17,6642) 
„6648 3,6649 2, 66 502, 66 
„66 586,66 596.6650 5, 66614 
716680, 65689, 66699, 66708 
„66764, 66773, 6678 3, 66792ʃ½,66801 
56686756875, 6588 
566960669 9,6978 
„6705 2,67062, 67071 
„6723767247567 50 
7330,67 33967348 
67422,6743 , 67440 
67514767 52 
„6760 5,6761 
567697, 7706, 67715 
„677886779 7,67 800 


„66987 
67080 


„67263 
»07 357 
67449 
67541 


»07724 
507815 
„67906 


67997 
„68088 


7 


„66811 


567089 


26718. 


567642 
5667733 
5667825 
567916 
„68005 
568097 


„66342 
00436 
66530 
566624 
66717 


„66904 
„56997 


97274 
107367 
197459 
567550 


8 


— 


Numbers from 4.600 to 5199. Logs. from „66276 to 571592. 


8 


567468 
56756 
„67651 
„67742 
67925 
768015 
„68106 


„68 169 
„68260 
„68350 
68440 
„68 529 
68619 
„68708 


„68886 
668975 
„go 
569152 
„69241 
669329 


68178 
„68269 
68359 
68449 
„68 538 
„68628 
768717 
„68806 
„68984 
669073 
„69161 
„69249 
69338 
694²5 


62417 
69504 
669592 
„69679 
669767 
1693 54 


69512 
569601 
„69688 
„69775 
559862 


„68278 
„68 368 
„6845 


68547 
268637 


„68726 
568815 
568904 
203993 
„69082 
„69170 
„69258 
59346 
69434 
69 522 
59609 
6969 
69784 
69871 


„68187 


„68590 
68287 
168377 
68467 
„68556 


6864606 


68735 
568824 


568973 


„69002 


>bgoge 


»69179 
„69267 


693590 


69443 
„69531 
„69618 
69705 
69793 
60880 


7044 


17 1122 


571450 


2133771542 


3 


II. 


571206 


571374 


69932 


571214 
571299 
71383 
571458071466 
571550 


„69940 
570027 
57011 

470200 
570286 


704 58 


570544 
„70629 


58949 
„70036 
570122 


699 58 
+7 0044. 
570131 


»702Cy 
70295 
+70381 
70467 
270552 
570638 


1707.14. 


571139 
171223 
27 1307 
571391 
571475 
71559 


, 70800, 
7088 8 
70969570978 
\71054)71063 


270723 
„70808 
70893 
$7 T3467 


»71315 


570217 
70303 
70389 
170475 
70661 
70646 
A dal # 2 
„70817 
570902 
70986 
571071 
71155 


71231/71240 


71324 


571399 
571483 
21567 


„71408 
571492 
571575 


69966. 6 ö 


570053 
570140 
„70226 


170312}. 


70398 
170484 
70569 
70655 


70740) 


70825 
70910 
570998 


„65351 
66445 
666539066549 
66727 66736 
„6682066829 
56691 3, 66922 
567006, 67015 
67099, 67 108 
5671915672011 
„67284, 07293 
6737667385 


„6636 


567477 
„67569 
„67660 
»07752 
567843 
567934 
„68024 
„68125 
„58205 
„68296 


68476 
568 865 


571079 
»7 £104 


17 1248171257 
5713414 


71332 


„71088 
571172 


171416 
»71500 


. 


»71425] 


571508. 


5 


Lt is 8 


8 


66642 


21 
—_ 


570919 
5710031 


TABLE or LOGARITHMS. 144. 361 


[1 


566455 


683861 


1884.721592 


7 
£44 


362 


TABLE or LOGARITHMS. 


144. 


Numbers from 520⁰ to 5799. Logs. from, 71600 to 6335 


== 


3 


$43 
24 
$53 
525 
* 
528 


$529 


$32 
531 
532 
$5 

$34 
1535 |: 
1530 
$37 

538 


0 I 


e Fer 
1 


776771625,77634 764777850 


— — 


57168471692 
571707 .71775 
„718 50,718 58 

571933571941 
„72016, 72024 
72099572107 
57218 10,72189 
572263, 72272 
72349234 


— 


171700! 


8571867 
71950 
72032 


71784), 


3 


571709 
71792 


71958 
57720041 


„72115 
72198 


72362 


„722807 


572123 


57220072214 


2288 


222297237 


Wu 


571800 
„71966 
72049 
72132 


172296 


724237 24300 
7725095 72518 
172591172599 
572673757268 

„727540 7276+, 
7283572843 
7297072985 
„7299 7.7 3000 
57 3072 „73080 


332 28973157 


573239773247 
73320, 73328 


73400, 73408 
3 [7348037 3488 
73550, 73568 


17 364 01,7 3649 
73719573727 
737997573807 
7357 7380 


562 


$593 


504 
555 
56 
$67 
563 


559 
[570 


571 


572 


573 
574 


575 


576 
577 
578 
22. 
N 


td 


73957173965 


> , 4c 3674044 


37411 5,7412 
574194574202 
„74273574280 
7435 743 5 
74429, 74437 
7450774515 
74586574593 
7466374521 
174741174749 
748 19,74827 
74896, 74904 
24974798107 
27505137 5959, 
+75128).75136 
75205.75213 
„7528275289 
57535817 5366 
575435575442 


75587,75595 
575664575671 
£5740 575747 
57585,75823 
7589 1575899 
75852678575 
»70042ſ,760 50 
„761185, 76125 
„76193576200 
26268 176275 


l 


572444 
572526 
57206075 
72689) 
72770 
72852 
572933 
573014 
573094 
73175 


572452 
172536 


72697 


572779, 


\72860|,72868 


72941 
7302 
73102 


73255 
73336 
573416 
+7 3496 
173576 
73656 
573735 
573815 
„73894 


17 357%, 


574052 
74131 
„74210 
„74288 
74367 
74445 
74523 
„7460 
74679 
22 
174834] 
74912 
574989 
75066 
575143 
»7 3220 
275297 
75374 
»7 5450 
575526 
575603 
575679 
575755 
575831 
„75906 
75982 
75057 
57613 


7628 


73262 


74521 


74609574617 


74687 


575151 


75989 
76065 


76290 


PE : 


—— — —— — 


7261672624 


573030 
283023191 


73344, 73352 
73424/73432 
7 350447 3512 
173584'473592 
7306473672 
573743573751 
73823573830 
73902 
22981 
7406074068 
7413995741 
7421774225 
7429674304 
7437474382 
7445374461 


274764 74774 
574842. 
7491974927 
74997575005 
75074575082 


75228075236 
75505575312 
75381575389 
75458 
5 25534ʃ.75542 
75610575618 
7568 6,7 5694 
57576275770 
7583875846 
57591475921 


57614076148 
8 


= 1 37-4 


72460]; 
7254-2 


„72705 
72787 


572949 
73111 


73272 


73910 
73989 


3 


„7180 


71875571883,71892 


571975 
572057 


572222 


D 1 
7679 


5718177182 
„71900, 71908, 
71983771991 
„7206072074 


572140, 72148, 72156 


1722301772239 


72 304ʃ,72313,72321 


7³4˙59 
272550 
572632 
7279 
572795 
„72876 
72957 


1723877 


73039, 73040, 
573119,73127 
»7 31991732071» /321x5] 

728,7 32587 3290 


22 


„71659,71667 
571717,71725071734,71742ʃ, 7175 


7.759 


577183471842 


719171471925 


»7 1999 72008 


572082 7ꝛoge 
72 165,72173 
572247572255 


$7241: 


1724 7 7247072485 
725 58,72 567 
„72640, 72648 
172722172730 
7280372811 
„72884ʃ.72892 
7296572973 
73054 
73135 


73360, 733 68 73376 
734407344 80.734356 


17 352 


573528573536 


73600, 73608, 73616 


73679, 73687, 73695 
73759773767573775 


74539 
„7469 5 


7440 


574547 
174024 


»733835,73846|,73854 
73918,73926,73933 
173997 
17407 61,74034',74092 
574155, 7416274170 
74233757424,74249 
74312., 7432074327 
ige 73,7448 
7447 422287 


74005774013 


7465474865 
74632 274640 


74782747 1C3747 16 
74780. 74788 


1274796 


74350 


75˙59 


175465 


7539 
27 554 


7485874865 
7493574943749 50 
7 50 2%) 5020|,75028 
75089 

75166, 75 174,75 182, 
,75243]7 3251175259) 
75327 


74873 
„75097 :75105 


75328,75335 
575404575412 


„7547357548 17 5488 


575997 
576072 


576223 


28882288828 


75626,75633,75641 
575702575709, 75717 
75778,7578 5,7579 
75853,75861,75868 


»7 59291-75937 375944 


7500 5, 7012,70 


„76080, 76087, 76095 


576155 


7616377617 


„762 30, 7623876245 


26313726320, 


976305; 


176298 
= : 


1 6 2» 


— —— — 


»72329Þ72537 


Th, 


17249372501 
17257517258 
572650 72669 
372738172746! 


72981 


728 19,7282) 
72900, 72908 


72989 


57306257 3070 
73143573151 


17 322373231) 
73304673312 
17 3394197 3392 


73464073472 
57354473552 
„7362473632 


7370307371 


573783573791 


73862 73870 


573941073949 


»7 4020 274028 


»74099 ,74107 


7587675884 
2759527 75959 
+7 6027470035 
„5610376110 
56178,76185 


74178,,74180 
7425774265 
5743355743434 
8 

44 92197 45C0 
17457074579 
740 45» 74050 
574726574733 
7480374811 
7488174889 
74 958 „7490 b 
575035 575043 | 
57511357 „ 

75189975197 

75266 375474 
7554375351 
75420%7 5427 
75496, 27 5506 
175572175586 
,75648',7 5056 


7572475737 
7 $6col,7 550% 


— 9 


> do. a 4 


4762 53176260) 


8 


7632876335 


9 


— 


. 


TABLE or LOGARITHMS, 


144. 


363 


nn, from 5800 to 6399: Logs. from 76343 to 8061 Io 


—_ 


he 2 


1 No | O 
58 17634370350 
581 
582 „76492 
533 „76567 


7 I 


"2 OE 


70418 


„76641 
170716 


57679 


76864 
76938 
0 


277159 
577232 
577305 
22 


77525 
577597 


8 77670 


117743 


76425 
„76500 
270574 
76649 
76723 
576797 


76358/75305 


176433176440 


4 


6 


7373 
170447 


576 353776 


75582 


70805, 


„76871, 


277019 


2709457 


76879 


76952 
177026), 


»7 6515!,76522 
»765394,76597 


176455 
76530 


ane 
767 62 


576837 


76880 
7 0960 


7665676064, 700 ! 


176339 376738,76745 
76812 


„768191 
70893 
725967 


+77085/»7 70931977 100 


577166 
277240 
177313 
577385 
577459 
577532 
77605 
77677 


977173 


177393 
277466 
77539 
577512 
„77685 


577750,77757 


6 


6 


15 


6; 


6 


152 


2 
0 


6 


04 


bog 7817 


12 
ry 


20 


521 


22. 
23 
24 


25 


039 


577815 
5778827 


77960 


72537 


5792 3979240 792533792 209 79207 þ79274 
\79309>79316,79323 579330 179337 1793443 
79393 379409 ,479407 5379414 

+79449 379459 47949 3,979470|17947 7979454 
279539 579540979553 


279379 


6, 


17234 
577107 


77181/77188 
77247754775 201 
773250774775 3357 


17749! 
577474 
87 

5776 19 
77692 
229 


7792577830,½77855 
89 5 577902 37 7920 
$77967 477974 »179$1|,77988 
78039,78046,78053 
78104, 78111781187812 5, 
78183 ,78190 478197 178204 
[605 |,78247þ78254 78262 ,78209/,7827 
67 |,783 19978326 7833378340 73347 
608 7837/78397 78405 578412 ,78419 
bog 309 173462, 178469 178476 27548 3107 3400þ7k 


| 


57 


22241 
77115 


„77408 
77481 
27 7554 
577627 
577699 
177772 
1775844 
77916 


»78061 
78132 


Go 7853378 540070 547 85475755 5478561 
6:1 |,7360478911,73618.,73025|,78033 
7867578682 ,7868g',7S590,78704 
78740,787 5378760, 78557,787740 
-614. 78$17\+78324\,78831 ,788; 8578845 
erz 78388,7889 578962799 78910 
616 „78958,78965, 73972789797 8986 
617 7902 9579036, 79043 279050,» 79057 
618 70099 79206,79 143794079127 
679 179169279176: 79183:479190 +79197 


567 53 
76827 
76905 


Sap. 


17 76760 


„76975 / 
577048 


70612 
„76686 


76834 
576908 
69382 
177050 


70395776403 
764776477 
7654475555 
76619,76626 


—— 
279410, 


76593 
„760768 
576842 
70916 
576989 
277003 


707017 
270775, 
276349),76 
76923 


576997 
577070 


76485 
76559 
76634 

76705 
76782 

76556; 
»76 930 
177054 
77078 


277122 
577195 
77262 
7 
77488 

775. 
177 63407 
7770 
1777.79: 
AAR Fa 
77851 
577924 
7799097 
578 8068 


57842 U 
28497 
78559 
„736401. 
578711 
78781 
5788 52, 
78923 


79064 
79134 


79385 


7954879527953 


»79338.7959579b02',79609/,79019,79923, 

7969279699 

$797 847 75 6s 

57982 4579831798 37 

179879 79886/,79893þ79900þ79500 
— 


79810 


5792041 


577859 


ah U 
27 £993}: 


77129 
577205 
77276 
8 4 340 
7577422 
77495 
„577508 
77641 
577714 
577780 


37717 
577210 
77283 
17 1357 
577430 
577503 
57757 
577648 
Ae 
177793 


177144 
77217 
577291 

77394 
277437 
577570 
577583 
77650 
577728 
„7780 


77131 
772251 
„7298. 
277371 
177444 
177517 
577580 
577663 
5777355 
778 


17793: 


78003 


577866 
77938 
275010), 


507 5 


7814078 14778154 
7821178279 752207823782 400 
6778283,78290,7 82978305 
7835557 8362,78 369 7837⁰ 


57 20821. 


77873 
271945 
78017 


577880“ 
577952 
„7802 5 


781611 


| 


7 73897889 


78168. 


78312 
7838 3 


7843378440 7844778455 
17850478512 78519,78520 
78570 7857859078557 
786475 7855478061 ,7860% 
787188725, 78732, 


573789 
788 50 
78930 
79000 
579071 
579141 
79211 
579281 

79351 
579421 
27 $493 
5795600. 


„79030, 


7573s 


278790! 7388378810 
25866,78873, 8880 
73937,7894 4573951 
79 75647002. 
579078 „7908 5,7992 
221487791 55179162 
1792 ee eee, 
79285, 79295,79302 
379359 ,79365,7 79372 
$79428,76435,798424 


794% 50579501 


795 507 


7 


17987 + 


1626 „79657 796547971 757% 46 
627 „7972 27797 34579741 579748) 

628 „79796,79803 

629 279865 279872 


79817 


21993411 72944 
$0003 80010 


„80002, 80009 
„80140, 80147 
;S020g/þ802161, 
80277580284 


80340805305 


30482, 80489 
8065 80557 


80114, 804218 


279948, 
„80017, 
8008 5 
580154 
„80223 
80291 


57995579967 


80024 , 80030. 
8 co „8coꝗꝗl, 


79700.79713 
579775 2797 82 
7984479851 


79909 
80037 
3010 

30 157% 8018 „80175, 

80229539236, 30243 


579975 


„8004 
„80113 
80182 
8a gc 


Soze, 8030501285318 


$0306/,8037 380380, 8038, 
80434. 8044 1,8% 48 $0455 
$0502 /gB0509,80516 38052, 
$0570!\,80 57750534; 80591 


0 1 


1 2 


. 


4 


— —_ —— — 


— 


3 


7 


7993279989 
8. C051 80050! 


„80188 
802 55 
8032 5 
80393 
„80402 
80 530 


80195 
„80264 
80332 
»SO40C 
„80408 
80 536 


57 79 58 * 


79037,75644796 50 


579720 


289.3999920 / 


8006 f 


„8012080 12 50134 


„80202 
„80271 


80339 


80598 


$0604. 


— ——— df, wwng ones - 


3 1 


8618,06 e 5, 80632 F063 
80686, 8069 3 80089 
80753580 60, 80767 
„80821 808 28, 80835. 
80889, 8089 5, 8090. 
809 50, 80963, 8096 
81023581030 81037 
aer 
„81164 


8123 

1581298 
813650 
874310 


375353776 


5815640 
2481631. 
e 
587630 
$185), 
89595 
37961 
„82027. 8 
„82092. 


85 151/2158 
582217 82223 


„82289 


824848491 
884382889 82 887 


„82679 


„82743 
„823081. 


828720 


82937 
1 


83065 
3583129, 
583 3193" ee 


PR TABLE or LOGARITHMS, 
Numbers from 6400 to hens Logs. from 80618 to „8450. 


4 


8064 5 
80713 
580781, 
„80848 
80916 
8098 3,8 
„81043581050, 
581117 
581184 
81245781251 


587311 81318 
8 138 558 
81451 
z$1518,8 
>81584\,8 
„81651568 
581717 
581783 
„818479 
8228881915 
581974879817 
820405 82 
5821 28 
„821785, 
„82243 
„82308, 82 
82373082 


5222582 302 
8235482 36082367 
547 85 19 824 682432824 .3982445, 
4 2 8e 
22362 3286. „828750 
race \82627/,82 — 
82692 . 
„82750582703 
\$2821,828271, 
8288 5 82892, 
:8:950,8295C 
$3014.,83020 
83078 „8308 5, 
83142831498 
8320083213832 


dob 59, 8066 50, 
80726, 80733 
„807947580801 


„80720 


as Oe 
e 


51 50 


11583 3157 $3264 83270, 83276 


331583321 83527 8333483340, 
4.83 3910 8 308, 83404 
83455 8346183467 


5351483518 8352 5 83531. 


83575 
328367 9 
83702 
837650 
82828 


9583891 


8083954 

„84c 17 
8.089 
841742 
58 205 
842670. 


84330 


8439208 


8444884455 


£757 WIN 


83582 82588 
3364598 3651), 
93708 8371558 37211, 
8377183778, 837848 
9325284288 847 
8389783; 04 
8 3967 


84086, 84092 
5414804155 
8421184217 842231, 
„84280584286. 
8424584548 


8359408 
83658 


8390 10 53916 
8397378; 


„84og8,8 
„941618 


584410 
9 232 
„ 


3 -730! 
po 2752555 


8290 5,8291 1), 
82909,82979% 
355553574 


6 5074 I 
„832 223236 ($3245 


55 © 3337 


1 
58379 7,8 3803 
8386083868 
£392 3083929; 


M4056; 17 8 
ewe: 84117 
e eee 


5 


3 

84367 337518457 
»$4429 334435 »54441 
-$4385|,74491/»84497. 8484 


12. ER. 


— —. => 


— 


— 


Numbers from 7000 to 7599. Logs. from, 845 10 to, 88076. 


Eee 
1 


I> we SI] v0 2 2 


N Sea 


TAB I. E or LOGARITHMS. 144. 365 


n 4 3 * J r 
4570 „8451 te l. 84528, 8453 5/,84 54145478455 24750 Jg 566 
2 84578, 8 $4584 34590) 459734103 84009] 345 15,8452 1, 84628 
84640, 8 46, „845 52,8468, 84.66 5, 84.671 ,84677|,84683 „84689 
3469084764 84708, 847 14,8472 84726084733 (847398474; 84751 
84757, 547030047 70,04770þ8 „84782, 84788, 84794, 84800, 84807, 848 13 
5848 19, 94825 „S848 31, 84837, 84844, 848 50, 848 5684862, 843868,84874 
584880 „848387, 343893484859 8490 558491184917, 84924, 84930 84936 
549428494 58495484960 1049672497 3134979 þ3498 84997584923 
8502 i 
85089 


at. 


* Ps 


,$5003|,85009[,35016\,$50221,8 8 503458 5040, 8 504 0, 8 5032, 8 5058 - 
709 |»55065|,85071},85077-,35083 3304. 39197 85107 eas N | 
| Ha gem ea 5,,85144 8515008 5756857163 85109 585175585181 
85 187,85 19358519958 520 5,8521108 521758 5224,85230,,8 52308 5242 
352468 5254852808 5260 8 5272852788 5285,85291,8 529785303 
+85309þ85315|--5321,85327,85333 3573938523532 855 85364 
85370, 858376, 5 5382,85388 10 5394þ35400þ 85406 ,3 5412,,8 541885425 
354318843708 874308 549% 5455685401þ85467 ,85473 35479-85485] 
15549113 5497]485503|,85509|,85516\,85522/,8 5528 2855346 8554085540 
85552,8 5558,85 564,8 5 570,8 5 576,8 5 5828 588,85 504% 8 50 856 
8 8 56 12,8 5618, 8562 5,8 503158 5637 9755 75155 85667 
719 8862388829888 88691886978 570308579285715½85721 2357270} 

35733, 35739,85745 8578185757 352525 5698577508578 85787 
58 5794, 8 5800, 8 5806, 8 58 12,8 5818 „58582408 8838 5830%8584⸗ 5858481 
858 5475858 60, 858668 5872.8 5878 ;$5884].85890 3539638967 585908 


— 


85914 559278593 59388594459 5% 8 5956839625968 
4 7585974 85980, 8 59928 5998, 8004, 850 10, 86016, 88022, 86028 
| 230034} 86046, 80052/,86053],$6064|,86070|,$6076|, 86082, 86088 
950-94 


>$61061,861121,86118|,861:4\,386130\,86136 861486147 
; \861 53861 59,86 165 8617186 177,8618f 861898619 8620186200 
862 1386219,8622 5, 8623 18623708624 35624986255 86261586267 
862273˙89279,85285 862915802970 86 303086 3085, 86314, 86320586326 
86332,86338 „86 44,863 505 50, 8636286368 86374 86, 80,86386 
86392, 86398, 86404, 864 9,8641 «|, 8642 1,86427,86433 586439, 86445 
8645 1, 86457, 86463, 80468647 5,8648 1864878649 3,8649986 504 
„865 10, e ze „86 528,865 34,86 540% 86546, 865 52, 865 58,86 564} 


„86 570, 86576, 865886587 86593586599 „86605686611, 86677, 86623 
ben g 86038 6480 40 ec 52866 38, 8606486670, 866 76%, 86682 
6 586688, 86694, 86700, Jes 7 „867175867 2386729, 8673 5586741 

86747, 8675, 867 59, 86 , 86770, 86776, 86782586788 »36794/,5680ck 
86806,8681 „868 1/86823,868 298683 5,8684 1086847 868 53 868 89 
286864,,86870], 868761, $5382|,26388|,86894|, 86900}, 86906 869 11,869 17 


869 3, 86929, 69 35, 86941 6947869 530.869 5886964 2 
6982,26 89,8699 48699/8700 87011767873 487029 45 7035 
87040, 87046, 87052, 870 58, 87064, 87070 8707 58708 1}, 87087; 87093 
„87099, 87105, 87111,87110½%87 122, 87128, 87 134,87 140,87 4687151 
87 157587163,87 169,87 17558718 1587 186,87 192587198, 87204, 87210 
87216,87221 587227,87233 8723987248725 187256087262 57268 
6 , 8727487280, $7236,87291 687297687303] 87309, 87315, 87320, 27526 

87332,87338,8 7344873498735 558736187367,8737 387379587384 
87 395,87 390% 874028740804 358741908742 5,8743, 8743787442 
749 824488745487460. 87466 3742187427 82488749 2874958780 


587 506, 87512 37518587523 2752987535 87541 87 547 „2755287558 
8756487570, 87576, 8758 1,87587,87 5930875998760, 870 10 8: 616 
„8762287628 8763387639 58764558765 1687656 „8662,87 668 87674 
87679, 8768 5 8769 1,8769870 3,8770887 14087720, 87726 32730 
8773787743,8774987750 87760, 87766 87772587777·8778 3,8778 2 
5877957587800, 87806, 878 12 8788,87823 „87829, 8785 5,8784 1, 87846 
6 878 52.878 5 58786487869, 878758788 587887, 87892 37352372627 
879 10,879 15,87921,879 27587933379 38,8 5944795087955 7967 

87967 375783578 8798487990, 87996, 8800 1, 88007, 880 13,8818 2 

759 „8802487030, SY 88042 8852 3805888064 W070 29276 , 
Ko| o HERS 0: 4.94 I "4 1.5.1. x © RM 


ET RE CCC EEE — äq—•EH¾ — — 


- 


366 TABLE or LOGARITHMS. 144. 


O 


„88081 
588138 
88195 
88252 
88309 
„88366 
588423 
„88480 
88 536 
2593 
„88649 
88705 
„88762 
„88818 


88874 


588930 
„88986 
„89042 
»89098 
589154 
58620 

85265 
„89321 
„59376 
89422 
89487 
895⁴² 
589597 
89653 
89708 


1 


588087 
588 144 
„88201 
588258 
88315 
88372 
88429 
88485 
588 542 
88598 


— — — ä Yꝓ— — — — 


2 


= 


6 13 


— — 


6 


8 


Numbers from 7600 to $199. Logs. from ,88081 to ,q1 376. 
22008 Gel —— | 


9 


8809 3, 88095 


„8850 
88207 
588264 
588321 
88377 
88434 
88491 


dd 47 
88604 


88156 
88213 
588270 
588326 
88383 
88440 
88497 
88553 
588610 


58810 


„88332 
„88389 
588446 
588 50 


91-83 564 


„588110 


88338 


88395 
288451 
88 508 


588621 


588173 
58823 


58857 


588110588121 


588178 
88235 


58828788292 
588 343588 349 


pe 8406 
88457/8463 


38519 
8857 


5886277588632 


588127 
588184 
588241 
„88298 
88355 
588472 
588468 
588525 
588581 
588638 


88133 
88405 
88247 
88 304 
„88 360 
8841) 
88474 
5885 z0 
„88 587 
588043 


„8865 5 
588711 
88767 
588824 
„88880 
„88936 
88992 
89048 
189104 
—2 82 
89215 
89271 
„89325 
89382 
89437 
„8949. 
89548 
589603 
89658 
89713 


588660 
58717 
588773 
88829 
88885 
„88941 
88997 
89053 
89109 
39165 


88666 
88722 
88779 
88835 
88891 
588947 
89003 
89059 
289115 
589170 


88672 
„88728 
88784 
„88840 
88897 
588953 
d8gco 
89064 
89 120 
„89176 


88677 
88734 
„88790 
„88846 
88902 
38958 
„89014 
89070 
89 126 
„89182 


588908 
88904 
>5902c 
589076 
89131 
89187 


„8868 3, 88689 
88739588745 
88795588801 
888 526888 57 


88913 
88969 
8902 5 
589081 
89137 
89193 


588694 
5887 50 
588807 
588863 
588919 
58979 
589031 
89087 
89143 
589198 


88700 
887 5b 
„88812 
„88868 
88925 
588981 
8937 
89092 
89 148 
89204 


89221 
589276 
89332 
89387 
89443 
89498 
89553 
8g bog 
89664 


297% 


89226 
„89282 
89330 
89393 
894488 
8904 
589559 
589614 
89669 
892²⁴⁴ 


„89232 
89287 
89343 
89398 
2394.54 
89509 
89564 
89520 
8967 3 
8973 


„89237 
89203 
89348 


8949 
89515 
89570 
89625 
89680 
$9735 


5944, 89409 
£ 89465 8 
89 520,8 


89243 
»Ig298 


+39 354 


89575 
589631 
589680 
89741 


89248 


89254 
893¹⁰ 


0589365 


589421 
289476 
89 531 
589586 
89642 
89697 
2597 52 


89200 
89315 
89371 
„89426 
89481 
89537 
»$9592 
»39647 
8970² 
89757 


4.89763 


„89818 
89873 
„89927 
589982 
290037 


6 þgOCg1 


590146 


| þG0204 


190255 


o zog 


190363 
90417 
90472 
90526 
190633 
90687 
„90741 
,00795 


89768 
„89823 
„89878 
89933 
899 8 
»9004.2 
99997 
90151 
-GO206 
„9026 


89774 


„89829 
„89883 
„59938 
8999 
»GCC4.8 
590102 
92157 
„9021 


90260 


89779 


„89889 
89944 
89998 
90053 
590108 
90162 
9021 
990271 


89834 


89785 
„8984 

$9894 
59949 
9 
90059 
90113 
„90168 
590222 
oc270 


89790 
89345 
8990 
89955 
go g 
,yoot4 
90119 
90173 
90227 
90282 


89796 
89881 


589960 
90015 
90069 
90124 
90179 
990233 
90287 


„89905 


»90020 
„90075 
90129 
570184 
90238 


189807 


89862 
„899 16 


658997 


„9 o 
90080 
90135 
90189 
990 244 


902936902980, 90304 


89812 
89867 

589922 
89977 
590031 
90080 
590140 
901954 
590249 


1430319 
903569 
90423 
90477 
90531 
90885 
9069 
9069 
92747 
od c 


90320 
90374 
90428 
590482 
90536 
90590 
90644 

90698 
90752 


90806 


90325 
90380 
590434 
90488 
190542 
290596 
906 50 
90703 
9257 
90811 


9 331 
9385 
99439 
50493 
280547 
9060 


90709 
90763 
90316 


9065 5 


90336 
gogo 
„90444 
90499 
190553 
90607 
90660 
90714 
90768 
90822 


90342 
90396 
90a 50 
90 504 
909 58 
590612 
590666 
90720 
90773 
90827 


90347 
90401 
590455 
„90509 
90563 
290017 
290671 
90725 
5990779 
590832 


90352 
990407 
.90461 
80515 
90569 
590623 
90677 
590730 
90784 
90838 


290358 
90412 
590460 
80520 
590574 
90628 
90682 
90730 
9079 
90843 


0 90848 


90902 
909 36 
+9 1909 
,g ict; 
91716 
91169 
91222 


1908 54 
9090 
90961 
791014 
591068 
591721 
91174 
9122 
591281 


me 


908 59 
190913 
90966 
91020 
91073 
591126 
„91180 
991233 


591280 


22 9 5 


590865 
EE 
590972 
91025 
91078 


590870 
90923 
90977 
91030 
250985 
91137 


35091555 


90³75 
. 90929 
90982 
591036 
91089 


591196 
591249 
91302 


91142 


„90881 
90934 
„90988 
591041 
291094 
91148 
291201 
97254 
991307 


90886 
990940 
90993 
591046 
91100 
91453 
0 1206 
91259 
91312 
921369 


590891 


5990945 


90998 
91052 
791105 
9115 
91212 
91265 
91318 


9089 
909 50 
91004 
97057 
91110 
91164 
291217 : 
591270 
991323 
91370 


— 


9136 


— ñ— — 


5 


6 


/ 


8 


591371 


| 


, . 


TABLE or LOGARITHMS. 


144. 


367 


Numbers from 8200 to 8799. Logs. from 91381 to 04443. 


590751 


* 


591960 


eee 


1192788 


| 


3 


5 97587 


91334 
91487 
19154 

»91593 
91645 
91698 


91803 
91908 


„92012 
„920540 
592117 
92169 
192221, 
292272 
192324 


592428 
592480 
992531 
92583 
92634 
59268 

99273 


92840 
592891 


92903 
93044 
59309 5 
593140 
93197 
93247 
593298 
93349 
-93399 


91855 


1 


91387 
97440 
91492 
221545 
191-598 
291651 
91703 
91756 
591808 
291861 


91965 
92018 

92070 
92122 


92174. 
92226 


92278 
92330 
92381 
92433 
59248 
92536 
92588 
92639 
92691 


592742 
592793 
92845 


92896 


91913 


2 


3 


4. 


5 


ö 


6 


8 


91392 
991445 
191498 
291551 
„91603 
91656 
917 
59176159 
591814 
191955 


91978 
91971 
592023 
592075 
92127 


5922 1 


92335 
22387 
9243358 
„92490 
92 542 
92593 
592645 
92696 
292747 
92799 
928 50 
92901 


92179. 
„922830 


91397 
»91450 
91503 
91556, 
91600 
91661 


91923 
29197 


92495 
592547 
92 598 


92650 


292701 
5992752 
92804 
92855 
92905 


91403 
91455 
„91508 
91557 


591672 


914085 
91461 
91514 
91566 
91619 


291724 
191777 
291829 
591882 


591413 
91466 
91519 
9 
91624 
91677 
291730 
91782 
91834 
591887 


91929 
00 


92500 
92552 


9592795 
5922471» 


7592402 


3592609 


929,919 34 
2919 
3592038 
592091 
992143 


592298 
92350 


292454 
92505 
92557 


„92660 
592711 
92763 
592814 
592860 
592916 


91939 


691991 


992044 
592096 
592148 
592200 
92252 
92304 
92355 
592407 
192459 
»92511 
792562 
592014 
59266 5 
592716 
292768 
592819 
592870 
992921 


591418 


591471 
191524 
291577 
59 630 
591682 
991735 
5917 
591840 
2892 
97944 
991997 
592049 
292101 
792153 
592205 
292257 
592309 
592361 


292412 
92464 


925 16 
192567 
92619 
592670 
592722 
92773 
92824 
92875 
22927 


91424 
591477 
591529 
91582 
91635 
591687 
91740 


7791793 
9 1845 
91397 


591950 
592002 
92054 
92 106 
592158 
92210 


92314 
92366 


92469 
92521 
92572 
592624 


592727 
592773 
592829 
592881 


592262 


22418 


592675 


+929 32/920 


3509294292947 


592998 
993049 
193190 
93151 
593202 
297252 
593303 
93354 
93404 


92952 
593003 
993954 
23105 
593156 
393207 
293258 
»93308 
93359 
93409 


192957 
9 3008 
93059 
293110 
193161 


592962 
593013 
93064 
93115 
„93166 


593212 
293263 
933235 
93364 
193414 


366 


967 9 


9340 
993500 
92551 
93601 
193051 
93702 
9352 


3392 


93455 
93505 


93556 


9 3606 
93556 
93707 
937 57 
»9 3807 


938 52 
9 3902 


94101 


Cutts 
94250 
194349; 


94399! 


93857 
293907 


194057 


94106 
294151941 56294161 


594206 
594255. 


45593460 
93510 
93567 
93611 
593661 
93712 


593752 
93872 


593862 
293012 


93515 
93566 
593616 
93666 
293717 
923767 

93817 
93867 


93465 


993217 
93268 

93318 
93369 
193420 


93470 
593520 
93571 
593621 
93671 
293722 
193772 
593822 
93872 


593917 


—2395279395793902 
»94002 ,94007 394012 
p * 


94062 
594111 
594211 
97260 


.9430%, 94305943 10 


50435494359 


194404: 


93967 
594017 
94067 


194116 


„94166 
594216 


594315 
94364 


1944009 


194414 30 


294265 


294022 
»94072 
»94121 
994171 
194221 
594270 
594320 
794369 


293922 
93972 


24419 


92967 
593018 
93009 
93120 
93171 
593222 
93273 


92973 
993024 
93075 
93125 
593176 
oo 
»9 327 


193323 
93374 


93328 
593379 


293425193439 


»92978 
„93029 
93080 
93131 
93181 
593232. 
78593283 
93324 
93384 
293435 


92983 
293034 
59308 5 


93130 


93237. 
93288 


93389 
93440 


93286793192 


93330 


993242 
293293 
933441 
193394 
123-445. 


5347593480 


593526 
93576 
593626 
„93676 
93727 
293777 
93827 
93877 
027 


293531 
93581 
93631 
593682 
993732 
93782 
93832 
93882 
593932 


| 


93977 
994027 
994077 
194126 
94176 
9422 6 
94275 
94325 

994374 
aa 


93982 
994032 
594082 
194131 
94181 
94231 
594280 
994330 
994379 
294429 


93485 
93536 
93586 
593636 
593687 

993737 
93787 
93837 
93887 
92937 
93987 
94027 
794086 


94736 


94186 
94236 
94285 
94335 
94384 
194433 


193490 
593541 
93591 
93641 


293692 


293742 
93792 
93842 
93892 
222 


93992 


194291 
9414.1 
194191 
94240 


594340 
94389 


594042): 


594290, 


2 


8 


: 


934951 
9354 
193596 


194438] 


358 TABLE or LOGARITHMS, 14 
Numbers from 8800 to 9399. Logs. from ,94448 to ,97308, 


2 


880 „94448 
881 94498 
382 „94547 
883 594596 
884 94645 
585 294694 
886 94743 
887 94792 
888 94841 
889 9890 
94939 
594988 
295036 
295085 
95134 
595182 
95231 
795279 
8 9328 
95376 


994503 
94552 
94601 


94699 
94748 
594797 


294095 


94453 


»94650 


7948.6 


94455 
594507 
994557 


94655 


194753 
59482 
94851 


94 


594606 


94704 


94512 
94562 
594611 
94660 
„94709 
94758 
94856 
94905 


4 


9446394468 


194517 
94567 
94610 
94665 
94714 
»94703 


94807, 948 12 


94861 
2949 ic 


5 


94522 
94571 
94621 
594670 
59471 

59476 

594817 
94866 


24215 


| 


2 7 
— — — — 
1 


94473 


6 


594478 
994527 


594570 
„94626 


94675 


594773 
594822 
594871 
94919 


994724 


7 


94483 
594532 
594581 
5946 30 
594680 
594729 
94778 
594827 
„94876 
594924 


| 


504940 


594944 
294993 
595041 


293139 
795187 
595236 


595332 
595381 


95090 


295254 


„ 


94998 
295095 


995192 
»952 


95046 
295143 
29535919 5254 


95337595342 
9 5386.95 390 


594954 
+9 $002 
„95051 
95 00 
5995148 
995197 
95245 


2949 59 
595007 
595056 
595105 
995153 
595202 
595250 
95299 
95347 
295395 


»94c 63 
295012 
95061 
595109 
95158 
„95207 
95255 
95303 
95352 
595400 


594968 
595017 
595067 


95114 


95163 
595211 
»9 5265 
»95 
5953 

»9 5405 


»94973 
95022 
595071 
5995119 
„95168 
95216 
95265 
4317 
795361 
2541 


* 


8 


—— — 


294488 
294537 
194-586 
94635 
59468 5 


794734 


9478 


94978 
595027 
59507 

59512 

295173 
5295221 
995270 
95318 


595366. 
29527 5: 


79478 


3 
55 nb 
2939291294934 


»9 52268 
»9 5274 


94880, 94885 


295424 
195472 
595521 
95569 
595617 
93665 
95713 
95761 
195809 
95856 


95429 
195477 
95525 
195574 
595622 


795718 


795813 
295861 


»95670 
595766 


99572 
595770 


„95818 
95866 


59543 595439 
195432|,95437 
295530,95535 
595578595583 
9562 95631 
595674595679 


595727 
595775 
95823 
995871 


595444 
295492 
295540 
95588 
595636 
95684 
595732 
195780 
595828 
255275 


95448 
595497 
595545 
295593 
79 5641 
59 5689 
995737 
9578 5 
595832 
„9 5880 


195453 
5995501 
95558 
95598 


95458 
9550 
5995554 


595646 


5956 50 


595694 
95742 
95789 
795837 
95885 


595304 
95952 
55999 
96047 
96995 
7926142 
95190 
„96237 
96284 
190332 
96379 
596426 
96473 
526520 
96557 
596614 
„96661 
596708 


95909 
95957 


96052 
96099 
196147 


»90242 
„96289 
96335 
96383 
596431 
96478 
9652 5 
196572 
„96619 
„96666 
596713 


923 1.96755, 


' 
7 


96759 
96806 


bl 


„96004 


296194 


»9 5914 
195901 
»9600g 
96057 
596104 
96152 
296199 
96246 
96294 


963411 


995918 
95906. 
„96014 
596061 
596109 
96156 
96204 
96251 
96298 
2456 


95923 


„95971 


95928 
195976 


»9601y',q6023 
196066|,96071 


596114 
596161 
96209 
596256 
296303 
96350 


96118 
„96166 
96213 
596261 
„96308 
596355 


295933 
595980 
5906028 
596076 
96123 
96171 
„96218 


„96265 


996313 
„96360 


595698 
595746 
95794 
595842 
95939 
95985 
96033 
„96080 
„96128 
96175 
596223 
596270 
96317 
536365 


6 


595463 
295511 
585555 


95602, 9550, 


59565 
59570. 
29575 


29529 


258 
5958 
59594. 


95990 
556038 


59613 
9618. 
59622. 


596322 


596388 
96435 
96483 
965 30 
196577 
196624. 
59667 
596717 
596764 
„96811 


4 


6393 
„96440 
96487 
190534 
,96581 
„96628 
„96675 
96722 
96769 
968 16 


96398 
96445 
96492 


96402 
964 50 
96497 


96520 
96 586 


596633 
„96680 


96544 
596591 
„96638 
596685 


96727, 96731 
596774,96778 
596820, 96323 


96802 
250348 


97035 
597081 
797128 
197174 
597220 


O 


„908 53 
36895, 96900, 9690 
95942, 96946 
56988, 96993 


597039 
„97086 
97132 
597179 
97225 
997271 


5969 5 
96997 
»97 04.4 


197137 
97183 


597230 


5968 58 


597090 


597270, 97 


„90862 
»96g0g 
969 56 
597002 
97049 
597095 
„97141 
597188 
197234 
280 


596867 
96914 
596960 
297007 


595872 


96407 


596501 
596548 
96595 
596642 
„96689 
97730 
„96783 
596830 


96454 


196412 
»96459 
96 506 
96553 
596600 
196647 
96694 
96741 
96788 
+998 34 


88 


96417 
96464 
596511 
596558 
„96605 
596652 
96695 
596745 
29679 

59683 


9608. 


96277 0 


95852 


„9613 
596185 


9635. 


„96918 
9696 5 


597011 


97053797058 
97100597104 


97146 
597192 


797151 


97239597243 
19728 51997 290 


596876 


96923 
796970 
597016 
597063 
97 09 
197155 


597202 


597248 
197294 


596881 
96928 
96974 
587021 
97967 
397114 
+97 160 
„97206 
97253 
197299 


[-9688- 
9693 
199979 
397025 
297072 
297115 
197165 
597211 
287257 
59730 


| 


TNT 
597877 


97123 
97169 
97216 
97262 


! 
973⁰ 


= 
| 


9 


| 


2 
"a 


— 


— 


3 


| 


E 


— — 
. 


6 


1 


8 


1 


I 3 


raEIE or LOGARITHMS. 


144. 


940 . e 
941 59735949 


97327797 331 


7364,97 3689737309737) 


297340 97345 


369 


ene fd 9400 t0 9999. | Logs. from 97313 to s. 


973570 597354 
7387,97 391, 7396 9700 


2 


942 '97405»97410,97414h97419997424| 97433,97437,97442 527447 
943 »97451|97456,97460þ97465,97470 97479 9748367488 97493 
944 9749759750 297511597516 9752597529597 534 97539 
945 997 543þ97 548 97557797562 97571597 5759758097585 
7589597 594/»97 59897603970 97617,976 1],97626',97630 
955 35þ97 040) 97663,97667,97672, 97676 
8 9768169768 59769097695 97705, 97713597717%,97722 
942. 22272 3159773997740 919775 1977 59197 763:297768 
297772 197777 9778197786 9809780 975 457809578179 3 
978186978 5227827 97832 11978452978 5c|978551-973 59 
97864þ97868/,9787 31997877 -9-891,97896',y7900(,97905| 
-97909þ979 14: 22,979 3759794 1,97946,9 79 50 
9795559 7959797964. 97968 57982. 97987,9 2991 297996, 
,98200þ98005 3.9808, 98032, 9803798041 
98046980 509 855,9 8059 9807 3,9807 8,9 8082, 9808 
98091 32056, 98118598 123598727 98132 
98137598141 97s 6.58 1698173598177 
3182098186 10820-j,982 7 41,982 151.98224| 
98227598232 0,982 54,982 59.982039 268 
98272798277 9829998 304,98 308,98 313 
98318598322 9835095 349¼98354 8258 
98 363698367 98390 98 394598349 098403 
598408984 12% 1þ98426,98430 9843 5% 84 29098444 98448 
98404055 98457 98480 98484/98489 4% 
98498698 502 19852598525 9853498 538 
98543098 547 98 570,98 5749857998583 
98 588798 592 08614986 199862393628 
969 98532 98637 986 59,9 8664.9 8668./,9867 
598677598682 98704, 98708, 8713 98717 
598722598726 98 749,987 5 3598758,98702 
1937679877 1þ 8 8919379 398798598802, 9880) 
98811698816 988 38,9884 35988475988 5 
988 5 988609886 J,98869 9888 3,9888 7598892,98896 
98900, 98905 89277989 32,98 30,9894) 
98945598949 99g72þ98976þy8951|,98985}} 
9898906989948 99016.,9902 159902 5, 99029 
99038 9905 1,9906 599069, 990,4 
299083 19970599109þ991 141-991 18] 
99127 $9 149]-991 54þ991581:99162 
99171 »99 192/-)9198[.99202 [+9920 
99211099216 99238,9924 2599232799251 
9925569926009 2928.99 286699 9199295 
29930099304 — 29932 6,99 3306993389939 
253330345 99352599357 99370937 1699379.99383 
993 38755392 9539 99401 9947499419 99423,9942 
7 þ99432þ994 369944099445 9945859946 3|-99407|,99471| 
»99476þ99480|,994 £4 399489 $[99502/,99506(,99511f,9951 
959 599 520 99524499 $221:99 533699537 37 199649: 9255059958599 59 
99864 9 de 57 469957 7p 199 590 999 5941199 51-9 996034 
| 29907p996 12 9/2996 3499 63899642, 99647 
992 5955 799656 22564 22772 99677995829 86½9969 
[993 55695099699 997219975997 3014997 34 
(994 1997296997435 60,9976 99259 99774, 99778 
995 699782599787 99808, 998 13,998 17,998 224 
996 998266998 30 998 52, 998 569986199865 
199 ——_—_— 199396 ,99900(,99904[,9990g 
| 99939 99943599948. 00952 
2299729099974 +9993 3 »999871299991 [299996 
+ W& Ks a + 6 8 9 


o Degree. 


| ez De; Tree, 


— 


— — 


2 . 


| 1 9 
5 7516270 
6 7724188 
7 7, 30882 
87736682 
94295 


„i Sine |Co- fin- 


| © 0,00000| 1. 00000; 9, Cocoon 
116,46372 


2,99G99 


6,9 48 59799999 


999999 
9799999 
97999997 
9799999 
2999999 
9.99999, 


25 7.86166 9, 99999 7,86 


Lang. Oo-tang. 


5,9408 5 


7, 30882 
ens: 


7:41797. 


10½,46373 9,99999 7246373 12,53627 50) x08, :0879 
17,0512 9,99999 7,505 12 2,4948849 11 354485 
12 754291 9,9999754 291 12,4579 4801265 a lg 
173 7,5777 9,9999 7·87787% 2,4223347 126,32702 

147.6985 9.99999! 7»60986/12, 39014 4% 40%, 33495 
151763982 9,99999 7698212536018 450758.32875 
16/7,66784 9.99999 7766785 12, 3321544 10ff, 34 5c 
170769417 999999760428 12, 3038243077 
87,7190 9.99999 727 190⁰ 12,28 10042 18 
19 7 7474245 9,99999! 7, 7174248 124257 5244) Fats 26131 


207 7576475 9,99999 7:76476 1242 3524 40, 20 
21778 594 9,99999 7,78 595 12, 14 % (39,27 $372.17] 
2217480615 9.99999; 7,8051512, 19385 38228 37 750%, 999 88 
2378245 999999: 7,8254612, 174543, 238.38276 9,9999878, 
24 7,84393 9.99999 7.84394 12,1 5606/26j 24! $.1370619,99987]8 
167 12,13833/35125,0+393 16 9,90987 
,26,7,87870 9,9999) 287870 2, 12129 34/26,3,39818{9,99986 
27 7789 509 9, 99 99 7+8951012.10490/35/27:3,40325; 9,99986 
2807 91088 9, 99999 7,9 1089 12,0891. 2266650 
— 2 92612 9.99998 2792612 12, 728 (38: 27 


a 
, 


7, 
4,7» 
5.3,00779 
6/8, e 
7 8 


88,043 50 


5 8,065 78 
41 8,0 50 
42,8690 
43 8,0978 
44 8. 10717 

45 8.11693 
40 8,12647 
Fl 8.13581 
78 8.14495 


(49 $,1539i[9. 99996 


150, $,16268| 
(52'S, 8.17128 
52 8,1797 
53 8,18798 
54 8, 19610 
55 8, 2040) 
56,8,21189 


| 500 8,2798 
$5818 


522713 


59 8,2340 
4786 


Trine 


3 93508 
96887 
98223 
ee on 


9.99998, 7295510 12,04499/2 31 


9.99998 


9-99993! 7,93225 12,0177 3 


84 55 9999s, 7494000, 12508 5914 * 380 


7,969 89 


885 Infinite. bo! 13 
9.799999 6,4323 1353627 9 20 8.24903 
6,7647 6, 


7416270,12.83730 55) 
7,2418812, 58 12 54 


My Dine. 


12,253524 58 
I3,05915 57, 


$,26304 
12,93421 56 


8,26988 
8,2760 
8 28324 
12,69118 53 8.28977 
12, 63318 52 1 29627 
12558203 $a 10 3025 


. PRy -> 2 5 


$,2 560919399993! 


TR os 


MF, 
199993 
9.99993 


9599993 
9.999924 
9.99992 
9:99992;* 
-246996al 
939999 18 
9.9978 
9.9989 
9.999848 
9.99990 


35878 


fs 9999 


8, 50 189,989 
353557 4989 


oy 302 2 99985 


999990 
959990 
9.99989 


9.99956 


2,7 92 
42272 
12, 31118 328, 42 746 
58.4221 


999998 7.99522 12, 0178 34 3,43680! 


9599998 
9,9999808 


9; 99997 


9599997 
9.99997 
9„99997 
9799997 
79,99996 
9,99996 
9,99996 


9.99996 


95 9999608 


35935 


8,0078 1 


8, ac. 
„03192 9,9999, g 8,3194 


3·04385 


22 $0547 9.222997 8,0548 1 


5,66581 
8,07653 
08700; 


510720 
8, 11696 
8 512651 


„145 
3,15795 
8,1627 


9499995151713 


999995 


9799995 
9599994 
9799994 
9799994 
999994 


957999904 


222293 


Sur 2 


979999 5 


$,17970| 
3,18804 
;$,190 16 


8,21964 
8, 227 2c 
8, 23462 
8.24192 


5 7880. 56478013 47 


11,99210/25) 18 44139 
115979904 30,4429 4 
11,968 306/2. 37 8,450 44 


9.9998 58 


293908 
9 9g; 5B 


Tang. i 


— | 
5241921175868 00 


8.2491 


8.2561 5160 
8,6312 
8,2 6996 
8,2766 

123235 


5 955 


DD 

1585 
8.32112 
8.32711 
8, 3 302 
8,33886 
8,3467 
8, 35029 
8,35 590 


24276385 41 


00 tang. 1 © f 


11,5090 59 
11, 74384 58 
12,73988 57 
1 7,7 3004 50 
11,7233 55 
11, 71608 54. 
1 a5 
11,7% 52 
63/21, 6979 5 $1- 
12.884 50 
11,68 
1267388 1 
11,6728) 97 
17 60695 


11 „661 1 
x 165804 44 
11,6441 42 


T,6;31 40 


g 17552771 394 
1156223838 | 
43,6221137 


8, 39323 
8,3983 


9.99985 
9, $9924 

99984 
9.99984 
9.99983 
9.99983 
9.99983 


11.956472 388, 454899, 9982 8 
. 2419 2 565 4 593«.10490632 


11593419. 20.4 
1192347 19 84 


11857 


8.42762 
3,4323 
8, 43696 
8,441 56 
8,44611 
me 
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9.42287 17,57773 2% 
11,5728 28 


11,56768\27 
11, 56304 26 
1 7,5884445 
1,5538904 
1,5493923 
11,5449 3022 
115405221 
11,5361 20 
455318319 
11, 52755 18 
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Co- ares] T. Tang. — 


8,5538% 


»$50CoJ en 


[11 '8,5808g/; 
11218, $0419). 
13:3,53742, 
148,50 072 


A. 15.5, 
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9.29254 
999964 
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3.60003; 
8,60384 
8 605988 
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„81459 
8,8 1653 
8,8184 
8, 82938 
3 82230 
8 5,824.40) 
$,82010 \$201c| 
5.82799 
3.82987 
8.83175 
8,8336061 
$15,$3547 
8,83732 
5,83916 


90,9896 
950589 


8 ets 
3.84222 
Us. 8 — 


11,2347 Ai. 
11 5232 258) 


11,2 3042 


1124849 37 8 
11522613 36 
11.224003 5 
1122189 34 


1521978 
TO 


21559 


11 a 


1 124743039 
1,209 39], 


[1,207 34 


1120530026 


11708 25 


11 19924 


11519, 


[1,19326' 
11,19128, 


11518736 
1518541 
11578347 
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64175 
889,961799, 64209 
(9,95 174 


9,96168 


9,96157 
9,96151 
9,96146 
9,96140 
996135 


9.64243 
964278 


9564340 
9764381 
956441 5 
9764449 
2264483 


102 
10,3 5722017 
10, 35688 
10, 356 54 
10, 35619 
10, 35585 


10535517 


10, 3756710 
103753209 
10, 37496 
10, 37461 
10, 37426 


30537320 
10, 3728 5 
10, 372 50 
10, 372 1 5 


5109. 60675 
5209, 60704 


5319-00732 
549, 60761 
55 9,60789 
5 9560818 
5719-60846 
. 9560875 
599, 60903 
5000, 60931 


9596129 
97596123 


— 


9,9607 300,648 58 


9,96118ſ9,645 

9596112, 64620 
9796 1070, 646 54 
95961019, 64688 
9,9609 50, 64722 
959609009, (4750 
9,9608490, 64790 
95960799, 64824 


9764517 
204552 
6 


10,35483 


10535312 


10, 35278 


10535244 
to, 35210 


10,3 5176 
10,35 142 An 


8 

7 

6 

5 

10337355]. 4 
3 

2 

I 

© 

M 


Langent. 


ICo--ſine 


Sine [Co- tan 


10, 3582 5 


10, 35448 
10,354144 
10, 35380 
10, 35346 


— — 
9000 


Tangent. 


67 Degrees. 


_ — 


—— 


1 


66 Degrees. 


— — 


— —— 


© r — " 
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i 
4 
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* 
* 
F 


* 
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332 TABLE or SINES any TAN GEN TS. rg. 


— Tad 


24 Degrees. 11 


25 Degrees. 


Ml Sine 


4 
4 


Co-ſine | Fang. | Co-tang.} | 
739,648 5810, 3514260 
9, 96067, 64892010, 3510859 


9,960 500, 649940 r0, 35006 56 


95960629, 6492610, 3507458 
9,060 56 956496010, 3504057 


9,9604 50, 65028010, 34972155 


Þ 9,61129 


9,6118 


9.611589, 960289, 65130010, 3487052 


9,9603909, 6 506210, 349 38 54 
960349, 6 509610, 3490453 


9602 209, 6516410, 34836051 


242272 
13950129 
55226 
159,61354 
1609, 61382 
179.6141 1 
89,6 1438 
194901466 


10, 34803] 50 
10, 3476949 
10, 34735048 
10, 34701047 
10, 34667446 
10, 3463445 


9,9600 50, 652 6 
9.960000, 6529 
979 5994, 6 533 
959889, 653 
9,9598209, 6 5400.10, 3460044 
95977, 543410, 3456643 
9,9597109, 6546710, 34533042 
9.9596 $9,65501110, 34499141 


'2019,014 
219,61 522 
22961550 


9,9 59609, 6553 5010, 3446540 
95959 54,65 568010, 3443239 
9.95 56560210, 34398038 


wh 


2 210 561578 
249,660 


2 9,6162 


[221961717 
2919961745 


225937 56 5669 10, 3433 I 36 
2 9.61834,95931 9,6570310, 3429735 


27,6 1689 9,9592 9,6 5770010, 342 30 33 
1929597 


95942, 6563610, 34364037 


9,9 592 59,6 573610, 34264 34 


658030, 3419732 
9-65837110,34163/31 


5.61773 
3796180 


32 5 


61828 9,9589 1,6593710, 34063 28 


9,9592, 6587010, 34130 30 
95958979, 6590410, 3409629 


M ö Sine Co- ſine Tang. 


Co- tang. 


| 5 5 9,956 809557098 


19.626220, 95722, 66900 
29.626499, 571,693 
39,6267 69,957 10, 6966 
49,62 703, 957049, 66999 
59,627 30,9698 9567032 
69.602757 9:9 50929, 67005 


155 59 tes 5728 9566867 


9,628 3855 568009,67131 
919,628 3 295074 9,67103 


10, 3313300 
10,33 704,9 
10, 33067 58 
10, 3303405) 
10, 3300 1056 
1,3296855 
10,3293 5/544 
10, 3290253 

10, 3256952 
10, 32837 51 


10 9, 6265 „5568 9,07 196 


119, 62892, 9 5662, 67229 
12,6298, 950579,67262 
139562945, 56 519,67295 
14/9,6297219,9 504 5,6732 
15, 62999,95639,6730 
956330/,.6739 
179,6 30520 5627 9,6742 
9562 109,67458 


9561 5,6749 110, 3250041 


10, 32804 50, 
10532771 49 
10, 3273848 
10, 327054) 
10, 3267340 
10, 3264045 
10, 3260744 
10, 3257443 
10,32 542 42 


i 
! 


09-631 353/929550919,6752 


237632130 559 119-6762 
24632309558 5,6765 


299,6 32669,9 5579095676871, 32313035 
2609, 3292,9557 396771910, 3228134 
2756331909, 95 5679.677520, 3224883 
289,6334 50,95 56 1,6728510, 32215032 
555 9,678 17010,32183037 


10, 3247640 
10,32444 39 
10, 32411038 
10, 3237837 
10, 3234636 


50956339 555455785 


2 10, 3211829 
320563451, 95537,5791 1, 3208586 


10, 32 1 50 Jo 


64 Degrees. 


239,61856/9,95885|9,6 97110, 34029 27 33,634, 80,95 53119»67947[ 1993205327 
3 15.775835, 579,888 10, 3299626 + 9,63504{0,95525 9,6798 10, 3202026 
[359161921 55533806555 10, 33962 25 359,63 3340, 95519681210, 31988½g 
359,199 9,9 58689, 6607 1010, 33929 24 369,6 3 5579,95 51319-0304 102192467 
375,6 1956 9, 958629, 6604/10, 33896337963 583.9, 95 5079,68 077, 31923234 
1895 61994 9,958 5 9,6613810, 33862 22 389,6 36100, 95 500 9,081 10531891½2 
[19 9:620219,958500,66171[10,33829/21||39/9:63636]9.95494/9:68 19219,31858'21 
409.049 9,9 5620410, 3379620409, 63662, 9 5488 9,68 1740, 31826 
41,5296 9,9583 9,662 38,10, 3376219 49,636890, 9548 2, 8206,10, 3179419 
57958339, 66271010, 3372918 429,637 15, 95476,9,682 3910, 3176118 

174363741, 5470%,68 271053172917 
1644, 63 767%, 9 5464 9,68 30310, 3169716 
154 99.637940, 9 54 58, 6833610, 3166415 
9,68 368010, 3163214 
9,6 10, 3160013 
9,684 32010, 31 568 12 
9-68465110931535/11 
9,63497{110,31503/10 
9,68529110,31471| 9 
9,68 56110,31439, 8 
9, 859 10, 31407} 5 
9-64028[0,9 540 3,6862600, 31374 
295397|6865$110,31342) 5 
9995751 0673 9539 109,6869010, 31310 4 
95957459, 6676810, 33232 9538409,58 722031278 
5625410%,9 579%, 66801010, 331 687 54110,31246} 2 
62 568,9 573 30, 668 3410, 331660 1 9537209, 6878610, 31214 1 
2225951919572 ,66867[10,33135 4,9 536619,6381$}10,31 182] © 
-fine | Sine [Co-tan. | Tangent u |Co-fine | Sine [Co-tan, Tangent. N 
55 Degrees. 


Sine | Co- ſine] Tang. | | g- Sine Co- ſine Tang. [Co-tang. 
9:0418419,95 30619,68818 0 
9,642 10%, 95360 9,688 50.10, 31150 I 
9,642 360, 95354,68882, 31118058] 2 
9564262 9795348 9,689 14 10,3 108657 3 
9,6428809, 9 5341, 5894610, 3 105456 4 
95643 13,9533 5,6897810, 3022055 5 

7 

8 

9 


996575 : 
1 1 de 
wee ee bessere 
9.8585 97949 56, 70873010, 29127055 
95658 539, 9494909, 70904 
96587809, 949439, 7093 5010, 2905553 

10, 2903 $2 


904339 9,9532919,6901c|[10, 30990054 
3-6436519,9532 39,6904-2|10,30958153 
9,6439119,9531719,69074/10,30926(52 956590209. 94936, 70g 
964417, 53 10%, 69 106/10, 30894] 29.6592 79,949 30%, 7099710, 290035 1 
9,6444295 30%, 69 138010, 30862050 8e „7102810, 2 


Bonny nw Cn Þ ESPE 4 


9, 64468 9,9 52989, 69 17010, 3o8 3049119, 659769, 949 17, 71059010, 2894 11; 
9,6449 4,9529299, 69202 
309,645 9.952809, 69234 
14% 64545%,952799, 69266 


129, 660019, 949 110, 
139.6602 9,9490409, 7 112110, 2887947 


149,660 509, 948989, 71 1310, 288474 
1509,64 57 10,9527 3.69298 1519,6607 59,9489 19,7 11840170, 288 15 > 
1619,64.596[9,9526719,69329 1619,6609919,94884\9,7 121 5|10,2378$ 
{1 719,6462219,9526119,69361 1709,66 12409, 948789, 7 1246 
1$19,6464-7]9+952 54,69 393 189, 66 148,948 71 | 


1919-6467 319:95243/9,69425 1909.66 17 30,9486 5 
200, 646989, 9 5242, 694 57/10, 30 543040 20%, 66 19700, 948 5809, 71339 
21,647 2495236, 69 4881, 305 1239/2100, 6622 19,948 52 
122%, 64749, 95229, 69 520f0, 304803822, 662469, 94845 
239.6477 5 9522 3,69 5 52/10, 30448037 2309,662709, 948 39 
24, 64 8009,952179,9 584.10, 3041636 249,6629 5,9483 
259,648269, 95211696 15/10, 30385035 259,663 199, 94826 
269,648 519,95204,69647ſ10, 30353 440,834 97948 19 
279,648 779,95 1989, 6967910, 303210330279, 6636809, 948 1 
28,6490 20,95 192,697 1010, 502902289, 66392, 94806 
29/9:6452719-9518519,69742|10,3025913 11/29 9,0641 
30.9,64953 9,9517919,09774\10, 30226130 3019,0644 1 
'31:9,6497819+9517319-69805|10,30195291} 31{9,66465 
329,6 500 309,95 167, 698 37/10, 30163428 3209, 66489 
330.6 5029ſ9.9 516009, 6986810, 3013227 339, 66513 
34.56 50 540,95 154%, 69900 ff, 3010 26034 97566537 
359,6 5079.9, 95 148.9,699 32010, 3006 

9,6 5 1049:9 5 141, 6996310, 3003724 36,66 536 
9565130 9951359,69995 10, 3000 5,23 370,666 10 
389,65 15 59,951299, 70026010, 2997 22 3809, 66634 
3919,6518019,95122 9970058 10,29942]211139 9,666 58 


90, 65205951169, 7008910, 299 11020 40, 666829, 94727, 7195 fe, 2804 5/20 
9565230 959511000, 70121 10, 29879 19 41 9566706 9,94720 9771986 10,2801 1 
9,6 52 5 5,9510309, 701 5210, 29848018 4209, 667310, 947 14%, 72017]r0, 27983 18 
306528 7,9 5097, 70184(1, 298161743, 667 55,947, 7204810, 2795201) 

9,6 5 306 979509009,70215 10, 2978 5 16449, 66779 9,9470009, 72078010, 27922016 
459,653 310,9 50849, 7024710, 29753015 409,660 3, 94694, 72 109 
469,653 569,9 507809, 70278010, 297220144609, 668270, 94687, 72 140 
9,6 5 38 19,9507 1, 70309010, 2969 10130479, 668 5109, 9468009, 72 170 
9,65406[9,9 5065,70 4110, 296 59 12489, 668 759, 946749, 72201 
49/9-6543119»950 59[9-70372110,29623,1 1114919,6689919,9400719,72231 
5009, 654 569,9 505209, 7040410, 29 596100 509, 669229, 946609, 72262 
956548 19,9 50469, 704 3510, 2956 519, 669469, 946 54%, 72293010, 2770 
956350609. 9 50399, 7046610, 2953 5 9,6697009, 946479, 72323010, 27677 
9.65531,95033 1185 539,669949, 946409, 72354010, 27644 

9 


W ve 


9,655 569,9 5027, 702 549,701 80%, 946 340, 72 384/10, 276160 6 
5567042 9,9427, 724151, 2758 5 
509670669, 94620, 7244/1, 27555 4 
579,6 709009, 946 14%, 72476 | 
589,67 1139.946079, 725 | 
59.967 137,9460099, 72537010, 274630 1 
6009, 16 1,9450 39,7267 ]10, 27433 ad, 

{Co-fine { Sine [Co-tan. Tangent. [MF 


3 52 Degrees. 


9, 65 5809, 9 5020, 7056 
509,6 560 59,9 5014, 70 592 10, 2940 
570,6 563009, 9 500%, 70623010, 2937 

9.68688 9,9 5001 70887 10, 293 

9:6 56809, 9499 50, 7068 510, 29315 
600,6 570 69.949880, 20 1710, 29283 
Co-fine | Sine | Co-tan.] Tangent | 


63 Degrees. 


Tho - ama 


— — — 


9,7303 


384 TABLE or SINE S axv TANCEN TS. 145. 


3 28 Degrees. 


\ 


= 


MT Sine [Co-fine Tang. 


119,6718 5, 945879, 72598 
29, 672080, 94580 yoke 


| 39,572 329, 9457309,726 59010, 27341057 
| 26725019294 507 9,72689 10, 27311056 
0 10, 27280055 


19455397727 
9,94 54519,727 


e 
97945409,728 11 


7009, 6 73989, 945269, 7287 
179,742 19,945 199, 72902 
129.6744 59,9451309,72932 


7 309,57468 9, 945069, 72963 


49,6749 9, 944999, 72993 
1 5/967 51 59,9449 2,73023 
[59-67 53919-94485 997 3054 

9.944799, 73084 
185,673869,944729,777174 
19'9,67609/9,9446519,73144 


019,67161[9,94593[9,72567110,27433 


10, 2718952 
9,6737419-94533/9-72841 10,271 59/51 | 


10, 27128050009, 687849, 941 129, 7467310 
10, 709849119, 688079, 94105/974702 

10, 270680480129, 688299, 940989, 74732 
10, 7037471 309,688 520, 940909, 7472 
10,270071461| 1419-6387 9,9405 39,7491 
10, 269774501 59568897), 940769, 74821 
10, 26946044169, 6892009, 940699, 74851 
10, 269 164317956 894209, 940629, 74880 
10, 2688642 [189,6896 59, 9405 59,749 10/70, 2 509042 
10, 268 564 [199689870 940480, 74930010, 506141 


29 Degrees. 

Sine Co-ſine | Tang. Co-tang, | 

9,63855719,94182|9,7437 51042562 5|60| 
95685809, 9417 /9,7440 5.10, 25595059 
95686039, 94 168,9, 7443510, 25565058 
956862 5%, 9416 109,744 5010, 25535 574 
9,6864809, 941 541974494 10,2550b[56| 
9,6867119,94147|9,74524|10,2 547 55 
9,6869 9, 941409, 745 5411052 5446,54 
95687169, 9413309,7458 3010, 25417053 
9,6873909, 941269, 746 13010, 2538752 
9,6876209, 94 1199,44 310,537 51 


ow Se e N e 


\O 


(996763 319-944 5819,73175 
92e e 9445 9.73205 
29,6768, 94445 9,7235 
39.677039, 94438, 73265 
49.677269, 94431,73295 


© 59.67750,94424½,73326 


269,677739,94 417.733 56 
2.7 9407 7969.944109, 73380 
28 9,67820/9,9440419,7 3416 
$:9.9-0784 319-94 397 [9173446 


10,2682 5|4c|\2019,69010[9,9404119,74.969110,2 503 1040 
10, 2679 50392 109, 690329, 940349, 7499810, 2 5002039 
10, 2676503802209, 6905 5, 94027, 7502 810, 2497238 
10, 26735037309, 90779, 9402009, 7508810, 494203) 
10, 2670 5364, 69 10009, 94012, 7508710, 24913036 
10, 26574035 59.6912 29,9400 5,7511710, 2488335 
10, 2664434 26,69144,9 3998, 751460, 24854034 
10, 266143 3279,69167,9399 19,75 176010, 24824033 
10, 658432289, 69189ſ9,939 849,520.10, 2479532 
10, 26554 30 


— | 


* __= bd 


NE EN ER oa. as «KS - AS. AS ad: b& © ws wb 


2919»692 1219493977197 5235110-2476531 


30 9-0736619,94390[9,7 3476 
31 9,7890, 943839, 73 50% 
329,679 139,94376,73537 
339,679, 94369, 7356) 
349,679599,94 362,73 597 
135 9-6798219,9435519,73027 
36 9:6300619,943491}9»7 3557 
37 9580299, 94342, 73687 
38 9,680 fe 9 94339%,73717 
39 9,®307519,94 3231973747 


— 


10, 26524 3030, 692 349, 939709, 7526410, 24736030 
10, 26493293 109,692 569,9 396309.7 5294010, 24706029 
10, 2646328 329.6927909, 9395 5,7532 3010, 467% 8 
10,2643 3273396930 1, 939489, 753310, 246479 
10, 2640326034.9,6932 309,9 3941, 753820, 4618026 
10, 6373/2 503 5096934 59,9393409, 7541700, 2458925 
10, 2034324369, 693689, 93927, 54410, 245 59/4 
10, 263 13% 30379,69 3909, 939209, 547000, 245303 
10, 2628 3220389, 694 12%, 939 120, 75 500010, 24 5002 
10,26253|211/39!9,6943419-93905[9,75529110,24473 


40 9,6809819,9432119,73777 
41,9-63121[9,94 3141947 3307 
429,68 144 9,9430709, 73837 


4 1,58 167 9,4300 9.73867 


* 

9,6819009, 94293/97389) 
45568273 9.94280 937 3927 
45,6827 9,9479,7 3957 
479.682 609, 94273, 73987 
48 9,682829,942669,74017 


4909, 68 305,942 5919474047 


10, 262234200400, 694 569, 938989, 75558010, 244420 
10, 26193194 1,5947 99,9389 1,75588ſ10, 24412 
10, 2616301804209, 69 50 109, 938849, 7551710, 24383018 
10, 261331174309, 69 52 3, 938769, 7564710, 24353017 
10, 6103/16449, 6954 59,9 38699, 7567610, 243241 
10, 260731504 9,59 5679, 9386 2,7570 ff, 24295015 
10, 2604 301446, 69589 | 
10,26013113114719,69611[9,93847[9,75764[10,24236/1 3] 
10,25983]12114819,6963319,93840[9,7 5793[10,24207]12| 
10,259551111{49|9-096551993333[9,75822110,24178|11} 


— = —  _—_—_ „ 


; 


9,938 589,7 5735(0, 4205/14 


509, 68 3289, 942 59,7407 
[5 119,633 51[9,94245|9,74107 
529,68 374[9-94238[9,74137 

$319-6839719-9423119,74166 


$4/9,6342019,94224|9,74196 9,69765[19,9379719,7 5969110,24031] 6 

5519-6344 3[9-9421719,74226[10,25774 95697879, 937899, 7599 8/10, 24002 5 
569684669, 9421009, 742 5610, 25744 956980909, 937829, 7602710, 239730 4 
$79-0343919,9420319,74286|10,257 14] 31157196983 119,9377519,76056110,23944| 3 

589,68 512[9,9419619,74316j10,2 5684 9,698 5319493708[9,760861[10,23914| 2 

59,68 534[9-9413919,74345|10,2 5655 9,698 7 509, 937609, 76 | 

60/9,6855719-9418219,7437 511992 5625] C6009, 69897%, 9375395 


| | 22 — 
10, 259230100509, 696770, 938269, 58 520, 24148 16 
10, 25893 9/5 19, 6969909, 938 199, 7588 1010, 24119 9} 
10,2 5863 


10,Ü 2583 
1032 — 


9,6972 109,938 119,759 10010, 24090 8 
9,69743%, 938049, 7593910, 2406107 


zo-ſine] Sine 


Co- tan. Tangent. M « Co-fine | Sine 


— 


61 Degrees 


—— — — 


60 Degrees. 


——— — — : -- - ———— ͤ— — — _- - — — — — 


TABLE or SINES any TANGENTS. 145. 385 


31 Degrees. 


Co- tine 


30 Hegrees. | 


Tang. 


Sine 


Co tine. 
—— — 


Co-tang. 


9.698979 .93753 9,7 44010,238 50,60 
9,9374609, 7617300, 2382759 
9.69940)/93738 9,7520202 3798,50 
9.699639,9373 1,7623100, 2376957 
9.699849,93724%,76 201, 2373956 
979999 9,937 1719,76290[10,237 i055 
9.700280, 937099, 7631910, 2368 754 
9,00 500, 937029, 7634810, 23652053 


Fang C.-tra; ge | 


9,7114, 93307, 7787710, 2212300 
9,7 120 59,9 32999, 7790610, 22094059 
952712260, 9329 9.77935 10, 2065 58 
9.71247,9328 4,7796310, 22032057 
97712689,9 3276, 799210, 22008056 
9,7128909, 9326909, 78020010, 21930 55 
9571310,9326 1,7804910, 21951054 : 
937131199325 319,70077110,2192 3/53 
9, 007219,9399519,70377110,23623[521| 319,71 35-19: 324 19,78 106(19,21894 5- 
9.7009 319.93087/9,76406{10,23594 511] 019,7137 314932 3819,78135|:0:21865 5 
4.7-11519,93080 9470435 10,23505l50[110{19,71393[429 ;220]9,7%102]10,21837 50 
957013709, 93673 9,704924110.23539|49]|i119,7 1414[9,93223]9,75192|:0, 18038 49 
9,/0159/9,9300519,7: 24:93 10,3507 812½,71435½˙932 159,7 8220010, 2178048 
130,70 18000, 9 3658 977652 10, 2347/4730, 71456 93207, 7824910, 2175147 
140. 70202,9 35 50, 765 510, 234494614, 477% 20.8277 102172346 
1513,7022419-9304319,7 558010, 34204 5 5,7149893 192,78 05/10, 169445 
1619,7924 519 9365805 7650910, 2339 44 169,71519.9 3784.783340, 166644 
1719,70267 9,936: 319,70039{10,23301[4.31]17 9.715390 9317719,78363|10,21637 43 
1319,7028819,93021]q, 7666810, 23332420 18,7156009,93 1699,73 391 10,2 1609 42 
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TREATISE 


MARINE FoRTIFICATION. 


. D Mart FortTIFICATION is meant the art of raiſing works 
3.2 for the defence of a harbour againſt the attacks of any Kind of 
ipping. EE | | 
As the works proper for this purnoſe depend in a great meaſure on the 
principles employed in the fortification of towns, it will be neceflary to 
dye ſome general notions of the uſual methods of fortifying, previous to 
the mealures that ſeem moſt effectual to the iecuring of harbours, 


* 


It is not intended in this tract to give a complete ſyſtem of fortiſica- 
ton; and conſequently the reader will not be perplexed with the diffe- 
rent ſyſtems, as they are called, of this and that Engineer; many o 
tem being the productions of dibblers in the art, who, having di- 
yerted themſe ves with whimſical ſcratchings on paper, publilted their, 
conceits for a like amuſement to others; and gravely compared their 
pretty drawings with the approved works of experienced Engineers. It 
5 high time that moit of cheir names and notions were forgot, and that 
moe who hereafter may write on this ſubject, ſhould contine themſeives 


eeperience have been found to be moſt conducive to the defence of 8 the 
Pace, and the retardation of the approaches of the enemy. And this 1s 
What > bricfly atte:npied in the following pages. | 
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to the defcription of ſuch works only as are moſt in uſe, and which by 
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2 MARINE FORTIFICATION. 


I PART 6 
Of Land PFortifications. 


2. FoRTIFICATION is the art of making certain works about a plate, 
by which the perſons within may be able to defend themſelves againſt the 
attacks of a much greater number from without, more effectually and 
longer than if the place were not furniſhed with ſuch works. | 


3. Defenſive works uſually conſiſt of moats and banks : covirin 8 1 
place which they defend. ä 3 


4. A place is ſaid to be covered, either when the enemy is prevented 
from coming to that place by a body of troops or other hindrance; vr, 
when a ſufficiently ſtrong bank, raiſed before that place, prevents thoſe 
without from ſeeing them within. | 


5. Defenſive works are of various kinds; the moſt fimple are uſually 
_ ealled lines, - | Ho . | 


Of Lines or Intrenchments. 


6. A Ling, or an INTRENCHMENT, conſiſts of a bank of earth, and a 
ditch, and it is of two ſorts. | | 

Firſt, Such as the trenches carried on in a ſiege, where the bank i 
between the ditch and the enemy or town; and here the earth is thro 
up againſt the town, becauſe the workmen are thereby better covered in 
carrying on the works. 3 5 85 
Secondly, Such as ſerve to incloſe a town or camp, ſecure a paſs, cove 
the entrance into a country, or other place, &c.; in theſe the ditc 
is between the bank and the enemy, ES | 

The firſt ſort is uſually called trenches or approaches: and the ſecon 
is generally called lines; which are the ſort that will be here more pat 
cularly treated on. | 


7. Lines are generally made to ſhut up an avenue or entrance to ſom 
place; the ſides of that entrance being covered by rivers, woods, moun 
tains, moraſles, or other obſtructions not eaſy to be paſſed by an army 

though there have been caſes where lines were conſtructed in pla 
countries; but then they were carried quite round the place they were t 
defend, as the lines ſurrounding a camp, called lines of circumvallation 
Lines are likewiſe thrown up to ſtop the progreſs of an army, as thol 
made by Marſhal Villars and others. However, in what follows it will 
ſuppoſed that the line is to cover a pats that can be attacked only in front. 


8. The making of lines greatly depends on the nature of the place, n 
the time that can be taken to conſtruct them; thoſe made at leiſure bei 
very different from thote made in haſte, 2 1 


MARINE FORTIFICATION. 3 

The works uſually thrown up in haſte are called zemporary, ſerving 
chiefly on a preſent emergency: thoſe made at leiſure are generally in- 
tended to laſt many years, and are kept in repair, under a probability of 
their being frequently attacked. But whether the work be temporary or 
laſting, it is neceſſary that it be adapted to the materials at hand, or that 
can be procured with the leaſt expence and trouble. 


A road or paſs may be advantageouſly held by few men againſt a much 
greater number, many ways; as by turning a water-courſe, planting 

fakes felling trees, digging ditches, making a fence of ſtones, Sc. But 
the way now moſt uſually practiſed is to make a line after the method 
contained in the following precepts. 


—— "To throw up a line acroſs a paſs, 5 


1ſt, Having choſen the place moſt convenient for the line, let a ropes 
or haybands, or twiſted ſtraw or graſs, be run quite acroſs the way along 
the intended place of the line, pegged to the ground at every 4 or 5 yards x 
and at the diſtance of about 10 or 12: feet before the line, toward the 


enemy, let ſuch another line, or a row of ſtakes, be carried in a poſition 
parallel to the firſt rope, | 


2d, Range the labourers or troops within thoſe limits, either ſingle, in 
pairs, or treble, Sc. according to their number, or the time in which the 
work is to be done, each being furniſhed with proper digging tools, 


Za. Let the earth, as they dig it up in this breadth, be thrown on 
the other ſide of the firſt rope, until a bank of about 5 or 6 feet thick 
and 6 or 7 fect high be raiſed; obſerving that the {des of the ditch be 
lloped in the ſame manner that the earth naturally rolls down the bank; 
and continue the digging till the ditch is about 5 or 6 feet deep, the 
- breadth of the bottom being about 4 of the br-adth ſtaked out at top. 
And while the ditch is digging, if the earth as it is thrown up be trodden 
down, the bank will be more compact; or a few hand-rammers (ſuch 
as the paviours uſe) kept conſtantly going, will render the work more 
firm and durable. 


ſon 4th. Let the inner fide of the bank be pared with the ſpade into ſuch a 
hope, as a man ſtanding upright may eaſily touch, with his arm extended 
ſtraight before him; and at the foot of this bank, let a f5:t-bank or ftep 
be raiſed, of ſuch a height, that a man ſtanding on it may eaſily fire his 
muſket over the bank; that is, let the top of the foot-bank be about four 
feet and half lower than the top of the bank or brea/t-work. 


Ith. If there is time and opportunity, let the workmen throw up the 
ole end ſcattered earth upon the bank, on both fides, and flap or beat 
it with the flats of their ſhovels to make it the more neat and compact. 
ce, u Allo make a gentle ſlope to the top of the Foot-bank, that the troops may 
e bein 4icer:d it more eaſily; and let the crown or top of the breafi-work be 
* | * A2 ſloped 
Tl | 


— 
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floped ſo that a muſket laid Aat on it may ſtrike the ground with its ſhot 
about 5 or 6 feet beyond the ditch. | | 


When the ſoill is clay, ſand, turf, or mould, the workmen will need 
only ſpades and ſhovels ; when gravelly or ſtony, one man ſhould break 
the ground with a pick-axe or mattock, while another throws it upon the 
bank, where a third ſhould ſpread it level and tread it down, 


10. A work of this kind being completed, the troops behind the lin- 
may wait the coming of an enemy with leſs concern: For 1ſt, the bank 
or breaſt- work ſecures them from the enemy's fire. 2d, And when they 
ſtand on the foot-bank, they are more than 5 covered, while the enemy 
are wholly expoſed; and conſequently the troops within may make three 
of their hots tell for one of the enemy's. 3d. They can, by going off 
the foot-bank, be quite covered while they load again. And on the whole, 
they are in no great danger of being forced from the lines while they 
have courage enough to keep poſſeſſion of them, except the enemy ate 
greatly ſuperior in numbers and cannon. | ; Re 

The magnitude of lines are generally proportioned to the little time 
that can be ſpared to throw them up, and to the ſtrength of the enemy 
who are to attack them. The following forts are what have been prac- 
tiſed on ſeveral emergencies, and the rate at which men ordinarily work 
on ſuch occaſions. . | 


111 A Tat of the dimenſions of Lines, 
8 Breaſt-wor k Hs Ditch f Expence. 
. n — — äã ——ñ—Äg̊— . — — | 
| * ji | < Rog 
Thickneſs | Height jfleight Upper | Lower 8 Solid Days 
at tcp | within ſwithoutj|breadthjbreadth Pen content works 
I feet 72 feet | 6 feet || Bfeet zg feet 5 feet 42 ft. 
5 75 6 10 35 i e 
6 7 1 1 4 6 1 
"1 7 4-144 36 10 27 
8 75 |6 6 | 19 Jin | 3 
= ä 72 15 32 


— 


The days work here is one yard in length. | 

In the firſt, 100 men will complete 100 yards in length of this kind of 
lines in one day; 200 men in half a day; 400 men in a quarter of a day, 
and ſo on. | | | | 


12. When lines are thrown up at leiſure, then the ditch is uſually 18 
feet broad at top, 7 or 8 feet deep, and the ſides of the ditch are ſo ſloped, 
as to leave only 6 feet breadth at bottom; the breaſt-work, or parapet, 
is about 7 feet thick on the top or crown, and 7 or 8 feet high. 

In Plate XV. fig. I. ſhews the heights, depths, and breadths of the 


When 


ſeveral parts of a line, well deſigned and finiſhed. 


Wh 


d of 
day, 


18 
ped, 
apet, 


f the 


[here 
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Where 1L repreſents the ground line, or ſurface of the place. 
AB, the breadth of the ditch at the top. 
cD, the breadth of the ditch at bottom. 
FAC, is the ſlope or ſcarp of the parapet and ditch. 
'DBK, is the counterſcarp, 
EF, the top or crown of the parapet or breaſt- work. 
EG, the inner ſlope of the parapet. 
HG, the top of the foot-bank. - 
HI, the ſlope of the foot-bank. 
Bk, a ſmall ſloping bank called the glacis. 


| 1% This figure is called a ſection or profile, and may be thus drawn. 


if, In the ground-line, lay off, from any ſcale of equal parts, the diſ. 
tances I a=6 feet, ab=4 ft. 6c I ft, cd=7 ft. d Arg ft. 
As feet, fg=06 ft. gu=06 It. BL=5 it. | 
2d. Through a, 6, c, d, e, f, g, B, draw lines perpendicular to IL. 
zd. Make an=2z ft. G, cE=7 ft. dr=6 ft. fc=8 ft. gd. 
4th, Draw IA, HG, GE, EF, FAC, CD, DB, Which continue till it 
meets the line FL, and the profile is conſtructed. | 


14. When lines are made to cover a camp, or a large tract of land 
where a conſiderable body of troops are poſted, the work is not made in 
one ſtraight, or uniformly bending line; but at certain diſtances, the 
lines projecting in ſaliant angles toward the enemy. Theſe projections, 
ſaiant angles, are called RęDEN TS, or FLANKERS; becauſe the fire 
from them takes the enemy in flank or ſideways as they march to attack 
the lines. 

The diſtance between the ſaliant angles of the fanters is uſually be- 
tween the limits of 200 and 260 yards; the ordinary flight of a muſket- 
ball, point blank, being generally within thoſe limits; although muſkets 
a very little elevated, will do effeCtual ſervice at the diſtance of 350 yards, 


15. A flanker conſiſts of two lines, called faces, meeting in a poiat, 
and forming an angle called the ſaliant angle, or flanked angle. | 
The part of the line between two adjacent flankers is called the cur- 
fin. . 1 | 
The gorge of a flanker is the diſtance between its faces taken at their 
interſection with the curtins, 


16. In Plate XV. fig. 2. ſhews the forms of the uſual lines ; where 
the figures, c A B, cab, are redents or flankers. 
| AC, AB, ac, ab, the faces. 


CB, cb, the gorges. 
AD, ad, the capitals, _ 
Bb, the curtin. | 


The angle cas, cab, the ſaliant, or flanked, angle, 
The diſtance of the ſaliant angles is about 240 yards on a mean. 
The length of the capital is uſually between 40 and 50 yards, 
The length of the gorges is alſo about 60 or 70 yards, 
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| 17. Tuo male a Plan of lines with redents, Plate XV. Fig. 3. 


1ſt, Let the line EER EE, Sc. be ſo drawn, if poſſible, that wherever 
there is a bend or angle, it may either be at once, or twice, or thrice, 
Sc. the length of about 240 yards from one another, whereby a redent 
will always be where there is an angle. 5 


2d. In this line lay off diſtances of 240 yards each, as from E to x, 
E te E, c. reckoning from the bends toward each end, whether it hap. 
pens that the line will, or will not be exactly meaſured by a repetition of 
the 240 yards. FS 8 


3d. At each point E draw the capital EF in a perpendicular poſition iy 
the direction of the line in that point, and make the capztals about 40 
or 50 yards long. . | | 


4th. On each fide of E take the half gorge, EG, EG, each of about Þ 
cr 35 yards, and draw the faces FG, FG; and the out-line, or maſter- lin 
of the curtins and redents are jormed., | 


5th, Parallel to each curtin and face draw lines, within, at the diftances 
fiom the maſter-line, of 7 feet, 8 feet, 12 feet, and 18 feet. 
Then the breadch of 7 feet repreſents the plan of the parapet. 


of 1 foot its inner ſlope. 5 
of 4 feet the top of the foot-bank. 
of © feet the foort-bank ſlope. 


th. On the outſide of the maſter- line, draw lines at the diſtances of 
102, 162, and 222 feet, parallel to each curtin and face; and theſe will 
repreſent the plans of the ſcarp, ditch, and counterſcarp; obſerving that 
the faliant angles of the counterſicarp are rounded betore the angles of tie 
redents. | | | | A 

When the plans are drawn from a large ſcale, all the lines before men- 
tioned are drawn; but when the plan is drawn from a ſmall ſcale, as of 
20 yards or more to an inch, then the plan is uſually repreſented by four 
parallel lines; one without the maſter-line, repreſenting the counter- 
ſcarp or out- line of the ditch; and two within, repreſenting the breadths 
of the parapet and foot-bank, „„ 

Sometimes a ſhort line is haſtily formed by a CHE VYAUx DE FRISE; 
which is a beam of 6 or 8 inches ſquare, and 10 or 12 feet long; the 
ſides being bored through with holes about an inch and half diameter, 
and 6 inches diſtant from one another; through each hole goes a ſtaff oi 
about 5 or 6 feet long, armed at both ends with an iron ſpike, fo tht 
which way ſocyer it is laid along, one row of pikes is preſented againſt 
the enemy. A line is formed of theſe pieces by chaining tugether a ſut- 
ficient number of them end to end. | 17 ETD 

In countries where there is plenty of wood, a line may be formed by 
Jaying, in a poſition pointing to the enemy, the ſtems of trees and 'thelt 
larger branches, piled one on another to a ſufficient height, and the ii- 
teritices filled with earth. Such a work, called an ABBATIS, affords al 
excclicnt delence z as was experienced at Ticonderoga. 
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er | 18. b | 4 Of Batteries. | 


e, 
8 When lines are to be vigorouſly defended againft a potent enemy, it is 
proper to raiſe'batterzes ; that is, works from which cannon may play on 
E, the troops as they advance to the attack: theſe batteries are either open 
p- or covered. | : | „ N 
of 19. An OPEN BATTERY is only a number of cannon, generally field- 
pieces (that is, ſuch as carry a ball not exceeding'y pounds weight) ranged 
in a line or row abreaſt of one another, on ſome natural ſmall elevation 
10 of the ground; or an artificial bank of about a yard or two high. Theſe 
40 cannon are ranged at about 15 or 16 feet diſtant from one another, hav- 
ing their ſhot and loading utenſils lying by their ſide; and the powder 
lodged in a hole at ſome diſtance behind the battery. A leſs diſtance 
30 than about 15 feet from gun to gun might occaſion danger, conſidering 
wm the hot ſervice for which ſuch batteries are erected. 
20. A COVERED BATTERY is when the cannon and gunners are co- 
vered by a bank made of bruſhwood, faggots, and earth; of about 18 or 
" 20 feet thick, and 7 or 8 feet high, I he cannon uſed in ſuch batteries 
are generally from 9 to 18 pounders; and ſometimes 24 pounders are 
uſed in them, | SE: | 
21. The faggots, or, as they are moſt uſually called, the Fascines, 
are made of the middling- ſized loppings of trees, under an inch diame- 
ter, and are of three different lengths, 6, 9, and 12 feet, according to the 
work they are intended for: they are uſually bound ar tied round with 
3 of wyths ; the ſhorteſt in two places, the next in three, and the longeſt have 
wil four bands. Theſe faſcines are commonly 8 or g inches thick through- 
that out, the ends being cut ſo as not to be tapering. | 
ne The faſcines are fixed to the ground, and to one another, by ſtakes 
called PicKETs, like birch broom-ſticks, but ſtronger ; they are about an 
. inch, or inch and half thick, and from 3 to 6 feet long; the 6, feet ones 
x of are in number about 2 of the 3 feet pickets, but much ſtronger.. = 
four All field batteries conſiſt of four chief parts, namely, the dztch, the pa- 
-_ rapet, the platform, and the magazine. . | 
* „ | Of the Ditch, | 
| the The ditch is uſually dug in the front and fides, and ſometimes quite 
eter, round; and ſerves not only to furniſh the earth neceſlary for the parapet, 
ff of but it alſo prevents the enemy from entering the battery ſo readily as he 
that might otherwiſe do. The ditch in front is commonly 18 or 20 feet 
ainſt broad, and the depth about 7 or 8 feet; the ſides ſloping toward the 
(ut bottom, which is about 6 feet wide; but the ditches on the ſides are about 
70 feet wide, and 6 feet deep. Theſe «re the dimenſions uſually given; 
d by but the general practice ſeems to be, only to get earth ſufficient for the 
'theit work, and not mind the regularity of the ditch : ior as theſe works in 


e in. attacks are uſually done by night, the keeping ſtrictly to the aſſigned di- 
ds a iy menſions is hardly practicable. 125 i 
| A4 | 2 
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23. 07 the Paripet. 


The parapet is generally raiſed about 3 or 4 feet diſtant from the brink 
of the ditch, the ſpace left between, called the BER M or F ORELAND, 
ferving to lodge the rubbiſh beat down by the enemy 5 hot, that it may 
not fall into the ditch. 5 

The thickneſs of the parapet ſhould be about 18 or 20 feet, in ke to 

e cannon proof, and about 7 or 8 feet high, when the enemy has no 
comiaand above the batrery, But if they have a command over this 
height, the parapet ſhoyld be raiſed high enough to cover the men while | 
they load the guns. 

he length of the parapet depends on the number of guns to be em- 
ployed in the battery. 

24. Thus for one gun, allow 8 yards in jength. 

And 6 yards more for every other gun. 

So 2 guns has 14 yards; 3 guns 20 yards; 4 guns 26 Farce, Sc. 

25. There ſhould be great care taken chat the battery be not enfiladed 
or rated by the enemy's cannon: neglects of this kind are often fatal to 
the officers and gunners, as was well known at the ſiege of Carthagena, 
anno 1741. But this is eaſily prevenited by raiſing at one, or both ends 


of the parapet, a bank acroſs the battery called an epaulement, of the 


tame thickneſs and height with the'parapet,* and about 15 or 18 let 
long. 

26. T he parapet conſiſts of two parts, namely, the wall and the ner. 
lons. 

The Wark is that part of the parapet which is contained i in one piece 
from end to end, and is about 24 or three feet high. 

The MERLows are detached pieces of the parapet, leaving openings 
called EMRRASURES, through which the cannon deliver their ſhot, 

The embraſures ſhould be cut as much as is poſſible perpendicular to 
the parapet; therefore the battery ſhould be parallel, or nearly ſo, to the 
object to be battered: for the direct ſhots have moſt force; and obliqu: 
embraſures weaken the merlons, or parts of the parapet ſtanding between 
the embraſures. 

27. The embraſures are uſually about 2 or 27 feet wide on the inſide 
and about ꝙ or 10 feet on the outſide ; fo that the cannon may be traverſed 
dom the right to the left, and command. a pretty large extent in front, 
4 he diſtance from the middle of one embraſure to the middle of the next 

moore be about 18 feet, in order to leave ſufficient room for the n 

the guns, and the ſtowage of the ſhot and other neceſſaries. 


28. 5 Of the Platform. 


The PLATFORM is a floor made to faciliate the rolling of the carriage 


wieels, and to prevent them from ſinking into the ground by the weight 


ci the cannõn, eſpecially in wet weather. 


Platforms are generally laid floping toward the parapet 9g or 10 inches; 


„ carries off the rain, prevents the gun from recoiling ſo much when 
as it would do if laid level; and when loaded, it is more eaſily 
Steht to the embraſure. 


4 29. In 


2 ww a CY ew „ 2220 


- 


MARINE FORTIFICATION. 5 


29. In temporary batteries the platforms are made of planks laid 
acroſs ſome. ground timbers or ſleepers; there is uſually a platform made 
to each gun; it is about 18 feet long, 8 feet broad next the parapet, 
and about 14 feet broad at the tail, the intermediate ſpaces between the 
platforms ſerving for the ſhot and other neceſſaries. „ 

30. When a platform is to be laid on marſhy ground; firſt lay a floor 
or two of faſcines; cover theſe with hurdles of 12 or 15 feet long and 
6 or 7 broad; on theſe lay a floor of 3 or 4 inches of earth, in which the 
ſleepers are to be laid, and over them the planks. iy ; 

zi. When a battery is built of ſtone or brick, the platform is gene- 
rally a flat-ſtone pavement ranging the whole length of the battery. This, 
on account of its reſiſting the injuries of the weather for a long time, is 
to be preferred to planks ; but in caſe of a bombardment ſuch a plat- 
form is to be avoided, becauſe. the ſhells will not only break the pavement, 
but alſo, by driving about the broken ſtones, do the troops much miſchief, 


32. y the Magazine. 8 


The magazine to a field battery is uſually made about 50 or 60 yards 
behind the platform. It is a cavity dug in the ground about 4 feet deep, 
and the earth thrown between the pit and the platform; the ſides of the 
pit are ſometimes planked round to keep it dry, and prevent the earth 
from crumbling in; and the powder barrels placed there, are covered 
with hurdles and earth, or tanned hides, to preſerve the powder from wet 
and fire. ; N 
The communication to the magazine is by a ſloping trench beginning 
to deſcend about 5 or 6 yards behind the plattorm; and the earth thrown 
on that ſide, where it will moſt convenigntly cover the perſons, who re- 
move the barrels of powder from the great magazine to the battery, or 


ſmall magazine. 


33. When there are many cannon in battery, and the ſervice is quick, 
it is cuſtomary to have to every two pieces a ſmall magazine to hold 20 
or 30 barrels of powder. This is placed about 15 or 20 yards behind the 
platform, and againſt the merlon between the cannon; and as theſe bar- 


rels are uſed, they are replaced by others from the great magazine. 


At each magazine a centinel is placed to prevent accidents. 

And to prevent perſons coming into the battery and magazines who 
have no buſineſs there, a trench is ſometimes dug behind the magazine, 
and carried into the trenches which communicate between the magazine 
and battery, | | = 


34. . > To conſiru? a Faſcine battery. 


For one gun provide 600 faſcines of 9 ft. 100 of 6 ft. 120 of 3 ft. And, 
for every other piece 400 100; 100 2 


each faſcine being about ꝙ inches thick; and let there be three or four 


pickets for every faſcine, for many will break in driving. 


Trace the limits ef the parapet in two parallel lines about 18 feet diſ- 
tant, allowing 8 yards in length for one gun, and 6 yards for every other 
gun; and along theſe lines cut a trench about half ſpade deep. * 

| | 4 ay 
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Lay a row of 9 feet faſcines along one trench, obſerving that their ends 


be well jammed one into the other, and let each be pegged down with two 

pickets, driven into the ground till the head is ſunk into the faſcine. 

- Cloſe to this row lay another, the two end ones being of 6 feet, and 
the reſt ꝙ feet, which will prevent the joinings in this row from fallin 
againſt the joinings in the firſt row: let theſe alſo be ſtaked down as be. 


fore, Clofe to the ſecond row lay a third, all of 9 feet. Cloſe to the 


third lay a fourth, the two end ones being 6 feet, and the reſt 9 feet, 
In this manner lay the rows of faſcines within the limits ſtaked out, 
which will be covered with 24 rows; then over this floor of faſcines 
throw earth to fill up the hollows, and let the whole be trod or rammed 
down. | | | | 
On the firſt floor lay a ſecond, obſerving, that as in the firſt floor eve 
ſecond row ended with 6 feet faſcines, ſo in the ſecond floor every odd 
row ſhould end with © feet ones, and the joinings of no two faſcines in 
this flocr will fall over the joining of the fafcines below them. Let the 
outſide rows in the ſecond floor be fo placed over thoſe in the lower, that 
there be a little Nloping preſerved, the work narrowing upward, The 
pickets which ſtake down this floor are to be driven up to the head, and 
the channels or hollows in the floor are to be filled up with earth. In this 
manner lay four floors, which will raiſe the work to about 25 or 3 feet, 
and that part of the breaſt-work calied the wall will be completed, 


35. | 4 To ſlate out the Merlons. 


Meaſure from each end of the wall 12 feet, there place a ſtake; and 
plant other ſtakes at every intermediate 18 feet; this being done on 
the inſide of the wall, let other ſtakes be planted on the outſide, either 
directly oppoſite the former, or in the line toward the place where the 
gun is more particularly intended to deliver its ſhot. Plant other ſtakes 
on the inſide, one a foot diſtant on each fide the former, and this will 
leave ſpaces of two feet each for the inner opening of the embraſures: 
then on the outſide, plant other ſtakes at 5 or 6 feet diſtance from the 
former ones, one on each ſide, and ſpaces of 10 or 12 fect will be marked 
out tor the outſide openings of the embraſures, | 8 
Ig the direction of the pickets, which limit the inner and outer open- 
ings of the embraſures, let ſingle rows of faſcines be ſtaked down acroſs 
the wall, and theſe will be the ſides of the embraſures. Fill the interme- 
diate ſpaces or merlons with rows of faſcines laid lengthwiſe to the wall, 
and this will be the firſt floor of the merlon, which is to be picketted 


dowr, and the hollows filled with earth as before directed. Let other 


floors be raiſed in like manner, until the merlons are carried up about 5 or 
6 feet, or more if neceſſary; and on the top of each let a bed or floor of 
earth be laid about 8 or 12 inches thick. : Es 
Acroſs the top of the inner opening of the embraſure, lay a bundle of 10 
or 12 faſcines bound together, or as many ſtuft into a kind of baſket open 
at both ends, and the bundle well ſtaked to the merlons. 7 
Provide a blind made of planks 3 or 4 inches thick to fit the inner 
opening of the embraſure, which is to be put up While the gunners are 
leading the piece, to preſerve them from the fire of the muſketry. 


The 
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The cheeks or ſides of the embraſures are to ſlope, ſo as to have the 
top wider than the bottom ; which not only leaves a greater opening for 
the blaſt of the gun, but theſe ſlopes, in works of this kind, give a greater 


degree of ſtrength to ſupport themſelves againſt the bearing of the upper 


parts. 


356. To cenſtruct the Platforms. 


Againſt each embraſure lay on the ground five pieces of timber, called 
ſleepers, about 18 feet Jong, and 6 or 8 inches ſquare; let the ends next 


the embraſure be placed at ſuch a diſtance from one another, that the diſ- 


tance from out to out be about 6 feet, the other ends ſpreading about 12 
or 14 feet from out to out; drive two ſtakes about 3 inches ſquare into 
the ground on both ſides of each end of every ſleeper, by which they will 
be kept ſteady in their places, and let the earth be well rammed and beat 
up cloſe to them: but obſerve to let the tails of the ſleepers be raiſed about 
6 or 8 inches higher than the ends next the wall, to prevent the cannon 


from recoiling too much when. fired. 


Cover the ſleepers with planks about two inches thick laid eroſs-wiſe; 
that next the embraſures being about 8 feet long, the reſt gradually in- 


_ creaſing, ſo that the plank at the tail be about 14 feet long; and let the 
planks be nailed to the ſleepers. | | 


On this floor fix a piece of timber about 6 or 8 inches ſquare next 
the embraſure, to ſerve as a ſpur for the carriage wheels to knock againſt 
(which is therefore uſually called the &nocker) when the gun is run up to 
the wall; obſerving that the ſpur be laid parallel to the object to be bat- 
tered. | | 

The whole platform ſhould be of oak, if it can be had. 

37. If there is any danger of the battery's being raked by the enemy's 
eannon, let an epaulement or ſireen be raiſed at one or both ends of the 
parapet, joining to it, and conſtructed by floors of faſcines, laid as before 
ſhewn : then all the ſtraggling twigs of the faſcines being cut, off, the 
battery is conſtructed. | __ 

A battery thus made will do in caſe of haſte, and where earth enough 
is not eaſily had: but as it is ſubject to be fired when the wood is dry, it is 


not ſo much in uſe as another ſort called a coffer battery ; eſpecially where 
wood is ſcarce and earth plenty. | . 


A CorrER BATTERY is that, where the ſides only of the wall and 
merlons are formed of faſcines, and all the cavities or included ſpaces filled 


with earth, 


K To make a Coffer battery. 


The place of the battery being determined, mark out with a line the 
limits of the parapet 18 or 20 feet thick; and 3 or 4 feet before the pa- 
rapet mark out with lines or ſtakes the limits of the ditch, 10 or 12 feet 


broad, or more if earth is wanted; allowing 8 yards in length for one 


zun, and 6 yards more for every other gun. 


EP 


On the outlines of the parapet, cut a trench 5 or 6 inches wide and 
deep, and there lay a row of faſcines, the ends being jammed one into the 
pthe: ; let theſe be ſtaked down, Lay on them another row, ſo that the 

* = | joinings 
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Joinings of theſe be not directly over the j Joinings of the lower one, and the 
knots of all the bands turned inwards ; ſtake theſe down; and on them 
lay in like manner a third and fourth row, &c. until the height be about 
3 feet. The ſame kind of work being done at the ends, and for the 
epaulement if wanted, the coffer for the wall will be made. 

Then let the men be diſpoſed along the place intended for the ditch, 


and with the proper tools break the ground and throw it into the coffer; 


where, as the earth is thrown in, another ſet of men are to ſpread it, and 
ſtamp it down with rammers; and this work is to be continued until the 
coffer is filled. | 

39. When the wal] is finiſhed, let the embraſures be ſtaked out as be- 
fore (35), and a coffer formed in like manner for each len, which is 
alſo to be filled with earth and rammed down. 

The other articles in the preceding battery are to be followed in this, 
the only difference being in the making of the parapet. 

When a proper place for a temporary battery is deſtitute both of dry 
earth and wood, then materials muſt be carried to the place; theſe uſually 
are gabions and earth -ſacks. | 

The EARTH-SACKS are only bags to carry earth in. 

A GaBION is a large baſket without a bottom: they are of various 
Hizes, as from 3 feet high and 2+ or 3 feet diameter, to 6 or 8 feet * 
and 6 or 7 feet diameter. = 


40. NY To make a Gabion battery. 


Along the line marked out for the battery, let the gabions be planted in 
the places where the merlons are to be: the gabions uſed are of 5, 6, and 
7 feet diameter, and 8 feet high. Each merlon muſt have 7 ; that is, 3 
within of ſix feet diameter, next two of 7 feet diameter, and on the outſide 
two of 5 feet diameter; obſerving to leave proper openings for the em- 
braſures, about 2 feet on the inſide, and ꝙ or 10 on the outſide. 

Or thus: Let the merlons be made of gabions 5 feet diameter ; then 
put four within, three in the middle, and two on the outſide ; this Cone 
ſtruction being rather ſtronger than the former. | 

The ends and epaulements are alſo formed by three rows of gabions. 

The floors or bottoms of the embraſures are to be filled with gabions 
about three feet high, and of a proper diameter to fill up the ſpaces be- 
tween the merlons. 

The gabions being placed are to be filled with earth brought from the 
neareſt places in the earth- ſacks; or elſe they may be filled with dung 
mingled with ſand; and in caſes of neceſſity, they may be filled with large 
faggots, or billet wood, obſerving that the voids between the gabions are 
filled alſo. 

Batteries of this conſtruction are uſually made on marſhy or rocky 

round, | 
4 41. The Sieur Remy, in his Memoirs of Artilery, has given a table 
Pha, the ready finding of all the requiſites for the conſtruction of temporary 
batteries, and for their daily ſervice, the pieces being 24 pounders ; and 
although theſe batteries are calculated only for ſieges, and are of the 
coffer-kind, yet from this table may be derived ſuch notions, as will 

greatly help young artiſts on other occaſions, 


It 


S 


that ſervice. | 2 : FS 
Of faſcines 5 or 6 feet long, and 5 or 6 inches thick, bound with 
two wyth bands each, one man will make 16 or 18 in a day, with two 
pickets to each. | WE, 1 
Ot faſcines 8 or 9 feet long by 8 or g inches thick, and two pickets to 


uſually expected every day from the labour of each man employed in 


each. one man uſually makes 10 or 12 in a day. | 

Of faſcines 12 feet long by g inches thick, with three pickets to each, 
8 or 10 are uſually expected from the day's work of one man. 

The days here underſtood are ſuch in which the men may work about 
12 hours. = 

In the following table C. ſtands for hundred. 


* A TABLE for conſtructing of Batteries. 
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It is alſo proper to mention the number of faſcines and pickets, that is 
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43. When batteries are erected at leiſure, and are wanted to ſtand for 
ſome years, it is beſt to make them of ſtone or brick, or good loam 
earth, 1— as the materials are neareſt at hand, or can be moſt eaſily 
procured. | : 
£ When made of ſtone, the thickneſs of the parapet is uſually about 
or 5 feet; but this thickneſs is varied, according to the quality of the 
fs or to the ſize of the cannon that may be brought by an enemy to 
fire on it. CD 4 | 
Parapets of brick are of 5, 6, 8, or even 10 feet thickneſs, according 
to the goodneſs of the materials, or the ſervice it is to endure; and the 
angles are generally of ſtone. N 
A parapet made of good earth, and 18 or 20 feet thick, with the ſur. 
face covered with green turf, will reſiſt the injuries of the weather for ſe- 
veral years, and ſtand the ſhock of an enemy's cannon the beſt of any. 


44. As theſe perpetual batteries are generally raiſed ſomewhat above 
the level of the adjacent land or water which they are to command; ſo it 
is uſual to make the floors of the embraſures ſloping, the drip being on 
the outſide, about a foot or foot and half below the ſill of the inner open- 
ing, that the cannon may be pointed downward. 

When the embraſures are cut through an earthen parapet, they are 
eommonly lined with brick; or at leaſt the angles are made of maſonry, 
theſe parts being the moſt ſubject to be injured by the weather. 

The beſt embraſures are thoſe made with a neck, by which a part of the 
opening becomes more contracted, and conſequently is better adapted to 
preſerve the gunners and cannon from the enemy's ſhot, than when the 
cheeks of the embraſures are made ſtraight. 


45. Although the axis or middle line of an embraſure ſhould, if poſſible, 
be at right angles to the length of the parapet, yet it may ſometimes be 
neceſlary to have them oblique. When this happens, the inſide of the 
parapet is notched, or ſo cut away, to leave proper room for the front of 
the platform, that the wheels of the carriage may be drawn up againſt the 
inner opening for the axis of the gun to lie in the axis of the embraſure; 
but then ihe outſide of the parapet is to be ſtrengthened, to compenſate 
for what is cut away within. 


The foregoing particulars, relating to embraſures, will be ſufficient 
ilhuſtrated by the following precepts for their conſtruction, 


45, | To conftruf the Plans of embraſures. 
FiksT. Por the plain embraſure, Plate XV. Fig. 4. 


iſt, Draw the axis AB perpendicular to the patapet. 

2d. For the front opening, make Ac Ab, each from 4 to 5 feet. 

3d. For the inner opening, make BF BE, each from 1 to 1; feet. 
48h. Draw FD, EC, for the cheeks of the embraſute required. 


47- bo. 
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47. SECONDLY. For the nec led embraſures. Plate XV. Fig. So 


13k, Having drawn the cheeks for a plain embraſure as before; from 
p, the middle of the inner opening, draw BC, BD. 

2d. In the axis AP, take pG=2+ or 3 feet; through G draw i at 
right angles to BA, cutting BC, Bn, in R, I, and join En, FI. 
Then DIF, chr, are the angular cheeks, 1H being the neck or nar- 
rowing of the embraſure. - | 
48. TrikDLY. For an oblique embraſure. Plate XV. Fig. 6. | 

1ſt. Draw the axis a 0 in the direction where the gun is to command, 
and through any convenient point 1, taken in ab, draw NN at right angles 
to 4 5. \ | „ | 

zd. Make IN A or 5 feet for the front opening, 1Þ=1 or 14 feet for 
the inner opening, and 1Q=4. feet for the front of the platform. | 

zd. Through N, P, Q, and parallel to @ þ, draw Ne, ND, cutting the 
front of the parapet in c, D; and pp, Q, cutting the inſide of the pa- 
rapet in g, 9. | „ | = 

1 hrough g draw gr parallel to nv, cutting the former lines in x, 
B, E, 7; join ED, Fe, and draw 7 5 parallel to a line through g and c. 

Then the ſpace gs being cut away, the wheels of the carriage can 
knock againſt the line q r, and the axis of the gun will lie in the line B 4 
intended for the axis of the embraſure, 

It is evident that the parapet is conſiderably weakened by the cuts for 


theſe oblique embraſures, and therefore ſhould be ſtrengthened on the 
outſide. | e | | 


49. When the embraſures are to be __ in the parapets of a plan drawn 
from a ſmall ſcale, it is done thus. Plate XV. Fig. 8. 


On the inſide of the parapet Rs, lay off as many times 6 yards, in the 
points c, c, c, &c. as the length of the parapet will admit, unleſs you are 


= 


reſtrained by particular circumſtances; and from the points c, c, c, &c. 


draw lines to the front of the parapet, dividing it into parts of 3 yards 
each ; then taking the parts oppoſite to the points c for the fronts of the 
embraſures, the other parts will repreſent the fronts of the merlons. 
Sbede all the merlons, leaving white angular ſpaces to expreſs the em- 
braſures, and ſtrengthen the inner line of the parapet and the front lines 


of the merlons, | 


50. Of the profiles of batteries. Plate XV. Fig. 7. 

Let the ground line of the battery be AB, BD that of the parapet, the 
inner ſlope of which DH is formed by making D a=1z feet, and the per- 
pendicular a Hg or 7 feet; the crown of the parapet HI is formed by 
making -b 1 a foot or two lower than a H; and the front of the battery 


IB 1s found by making g iI, when of earth, or g g of I when of 
maſonry. Making yc==2+ or 3 fect, gives c the fill of the embraſure, 


the floor of which cG is to dip a foot or two below the level line CF. . 
The platform DE is 18 or 20 feet, the tail Þ rifing about 6 inches 
above the level line An, the lower double line reprefents the Jeeper laid 


lengthwiſe, and the upper double line ſhaded with the lines acroſs, expreis 


the ends of the planks laid on the fleepers, 


A gun on its carriage, with the wheels againſt the knocker at p, is 


annexed te the figure, to aſſiſt the learner's apprehenſion. 


S EC TIO 
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Of additional works. 
51. „ C Ramps: 


When a battery is raiſed above the level of the ground it is built on, 
there muſt be made gentle ſlopes for the cannon to be drawn up and 


down, and alſo for the eafier communication of the troops poſted there; 
theſe lopes, to diſtinguiſh them from the lope uſually given to elevated 


works for their better ſecurity of ſtanding, are called Ramps. 

'The baſe of the ſlopes commonly given to earth- banker for their ſup- 
port, is on the inſide about a foot baſe for a foot of height, d on 6 
outſide is about 8 inches on a foot, or; of the height; that 1 18, they riſe 
12 inches, on 8 inches of baſe. But for the ſlopes of- ramps, the riſe is 
only about 2 inches on 12, or the length of the ramp's bafe is ſix times 
the height, and this is general, for the draught of carriages ; but foot- 
ways need not be of ſo gentle a flope, a riſe of one foot in three may do 
well enough; or, inſtead of ramps, ſtairs may be, and * are, 
uſed for the paſſage of the foot. 

The breadth of a carriage-ramp is _ about 9 or 10 feet, that 
breadth being ſufficient for the carriage and foot- way beſide; but thoſe 
for foot- paſſage only need not be above 3 or 4 feet wide. 

Ramps may either riſe on the ſide of an elevated work, or agaiaſt 1 
ſaliant angle of that work, or on each ſide of an entering angle: their re- 
preſentations 1 in plans may be expreſſed as in the following conſtruQions. 


of 5 


52. To conſtruct a Ramp on the J de of 4 2 We ho Plate XV. Fi 0 1 


Let xx, 22, be lines expreſſing in a plan the Hope 97 7 a bank equal to its 
height, which ſuppoſe to be 12 feet. 


iſt. Through A, the point where the ramp is is end, draw CB perpen- 
dicular to xx, and make AC of about 10 feet. 

2d. In zz take BD=4 times AB, or 16 yards; through o draw. AE, 
and through c draw CF parallel to AE, cutting xx in G, and 2Zz in F. 

3d. Through F draw, at right angles to Or, the line F E, cutting xx 
in F, and AE in E; join BE, and the lines GF, EA, EB expreſs the ramp. 


It is ſometimes proper to have ramps riſe on either hand for the con- 
venience of carriages coming from the right or left; but they muſt then 
be ſo far aſunder, that ſhould a carriage be drawing up each at the ſame 
time, the horſes of one may paſs clear of thoſe of the other, 


To conflruft a Ramp in a ſaliant angle af a bank, Plate XV. Fi is, 10. 


53. FiRsT METHOD. This is done in the ſame manner as in the ſide 


of a bank; obſerving that the end A is taken 6 or 7 yards from the ſaliant 
angle, when a ramp is to be conſtructed on both ſides otherwiſe the 
ramp may end at the * angle K. 


54. JECOND | 
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4- SECOND METHOD. Fig. 11. 1f. From x draw a line xx, bi- 

ſecting the ſaliant angle; make xN=6 times the height, or equal to 12 
ards, and on both ſides draw a parallel line M at the diſtance from xN 

of half the breadth of the way ; ſuppoſe at 5 feet diſtance from xN. 22 
2d. Biſect the angle xqQR with the line qr, cutting the line zz in x; 

join vx, and the plan is formed. 


55. THIRD METHOD, Fig. 12. From x the ſaliant angle, with a 
radius of 6 times the height, ſuppoſe of 12 yards, deſcribe the arc 1L ; 
and with 5 times the height, or ten yards, deſcribe the arc KK, cutting 


71 in o, and draw OP parallel to KL. | 

Make XM==2 or 3 yards, and draw the curved lines Mo, Me, which 
in plans are beſt done by hand; or elſe draw right lines from M to o, 
and from M to P, and the plan of the ramp is made. 


5, | | Of Barbets, | 


It often happens, that by raiſing the floor of part of a battery the guns 
placed on it have an advantageous command over ſome part of the neigh- 
bourhood ; and when the guns thus raiſed fire over the crown of the pa- 
rapet without any embraſures, it is called an OrEN BATTERY, or Battery 
en barbe, or plainly a BARBET. | TE; 

Theſe barbets may be made either in a curtin, or at the ſaliant angle of 
a fanker. They ſhould always be 2 or three feet lower than the crown 
of the parapet, and about 8 or 9 yards broad at the top, with a proper 
lope to the baſe, of a length ſuitable to the number of guns to be mounted 
on them, allowing about 5 or 6 yards for each, and have a proper ramp 
at each end to aſcend them by. | 


57. To give a farther illuſtration of this article, here is added an ex- 

planation of the plan, and of the profile through the Jine Bc. Plate XV. 

Pig. 1, 14, 18. MED | | ; = 

Let yx be a common bank of a line, the parapet of which is R8TV ; 

the inner flops Rs being about 6 or 7 feet higher than q: then the bank 

unk, raiſed ſo high that the cannon can fire over the crown of the pa- 
rapet ST, is the barbet, the height of which ap is about 3 or 4 feet. 

On the top of the barbet a platform is raiſed as in other batteries, 

Let the fig. 14, 15, repreſent part of the plan of a line, and one of its 
fankers or of a battery conſtructed in fuch a form; where Aa is the 
length of the barbet or raiſed battery, ſuited to the number of guns to be 
uſed, which are to be drawn up the ramps put at the ends; the breadths 
being about 8 or 9 feet, and the length à & about 7 or 8 yards. 


— "- 


VS . 4 


58. MM 


A cavalier is a battery raiſed above the other works, and covered by a 
parapet with embraſures. 8 | | 3 
Cavaliers are of various ſhapes, ſuch as ſquare (Plate XV.) fig, 17, or 
round, fig. 16, or like a horſe-ſhoe, or a plane line; but when they are 
a conſtructed in flankers, as is uſually 8 caſe, fig. 18, they are of a like 
f = >» 
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figure to that flanker ; leaving a ſpace of about 8 or 10 yards or more, 


between the parapet of the flanker and the outline of the cavalier, g. 
They ſhould be faced with earth, or plank of brick, but not with uſe 
ſtone ; becauſe the ſplinters knocked oft by-the enemy's cannon would wh 
greatly annoy the troops, that may be puſted in the line below the of 
cavalier. | = 
Any other particulars will be ſufficiently known from the figures; ch. b2. 
ſerving, in the plans, to repreſent their outſide limits by a double line, to 1 
expreſs the ſloping of the earth, and to put a ramp in the gorge. 


50. ä f Traverjes. 
A traverſe is a bank of earth thrown perpendicularly acroſs a line, ot 
other work, to prevent the enemy's cannon from taking that line, 
Theſe traverſes may be from 12 to 18 feet thick, in order to be can- 
non proof, and their height about 6 or 7 feet; or more, if the line is ex. 
poſed to any eminence from which the enemy has a command. 
And to preſerve a cemmunication a paſſage of about 5 or 6 feet wide 
muſt be left at one end of the traverſe, T 


60. The different ways of conſtructing theſe works are readily ſeen by 
the figures in Plate X V. fig. 19, 20, 21,22. 

T hus at a, fig. 19, it is formed by two equal ſhort banks, the ends of 
which jut one beyond the ather about 3 or 4 feet, leaving a paſſage of 
about 6 feet. 0 5 

At B, c, and fig. 20, 21, the end of the traverſe juts about 2 or z feet 
into the parapet, beſide the paſſage. But as this greatly weakens the pa. 
rapet, it is to be practiſed only in ſuch places where there is ſufficient 
thickneſs left; where nothing can be ſpared from the parapet, the traverſe 

may be made as at E and , fig. 22. | 

If any part of a work, thus ſhut in by one or more traverſes, is likely 
to be defended by the muſketry, then it is proper to add to the traverſs A 
one or more foot-banks within the defence, for the troops to mount on, lf lines 
when they want to fire over the traverſe, leaving the upper foot-bank 4% IM four, 


feet below the crown of the traverſe. T. 
| | | callec 

61. | | Of Paliſades. 
Palifades are ſtraight wooden ſtakes about ꝙ or 10 feet long and abont 64 
the thickneſs of a middle-ſized leg, but of a triangular- or rectangular beigh 


ſhape, according as they are of cleft quartering, or ſawed ſtuff; and hare a dire 
one of their ends pointed. Their uſe is to ferm a line before thoſe Itbe ne 
places, that are moſt likely to be taken by ſurprize, - 1 

The beſt are thoſe made of oak, but where this is wanted, or on emer- 
1 the baſt are thoſe which can moſt conveniently be pro- 
cured. - | : 

In planting paliſades it is uſual to ſink about three feet of them into the 
ground, the thick end downwards, and the pointed end upwards, and to 
ſet them about four inches from one another; the whole is braced toge- 
ther by pieces nailed acroſs them near the tops, and ſecured by thick poſts 
at the diſtance of every four or five yards by 

4, | | Paliſades 
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Paliſades are found to be a very good defence againſt an enemy not 
greatly ſuperior, and deſtitute of cannon ; for the defendants may freely 

uſe their ſmall arms at the time they are half covered by the paliſades; 
whereas the aſlailants being quite expoſed, attack with the diſadvantage 
of at leaſt two to one, | 


62. h © -: Barriers. 
A barrier is a kind of fence or gate ſerving to ſhut up the roads or 


paſſages in works of any kind, to prevent their being carried by ſurprize ; 
they are of various kinds; as ; | | 


> A a. . XX 


iſt, A ſtrong chain drawn acroſs the paſſage, at about 31 or 4 feet 
above the ground, and faſtened at each end to an upright poſt, 

2d. A beam laid horizontally acroſs two upright , ofts. 

3d. A. BaR-GATE hanging by hinges to an upright poſt, 

4th. A CHEVAUX DE FRISE, which is an horizontal beam uſually 
cut with 6 ſides, each of which is armed with iron ſpikes ſet within five 
or fix inches one of the other. This beam is ſupported at each end by 
an upright poſt. | 

Sh. A TURNSTILE, which conſiſts of two or three pieces of timber 
framed croſswiſe, making four or ſix rays like the ſpokes of a wheel; this 
frame is put on a poſt in the middle of a paſſage to turn horizontally, ſo 
that two of its rays always ſtretch acrofs the paſlage, and prevent more 
than one perſon at a time from paſſing the ſame way. | 

6th. AHERRISON, which is a chevaux de friſe, turning horizontally 
cet WW on a poſt in the middle of a paſſage like a turnſtile. | | 


pa» WW 7th. KiinkeTs are ſtrong doors or gates made like paliſades, and are 
- hung and faſtened as other gates are. | | 

cr e : n - Ws 8 . p 

Pp 8 C Redoubts. | 

= A REDouBT is uſually a temporary work thrown up to ſtrengthen the 


on, lines which ſhut up, or ſecure a paſs, They are uſually figures of three, 
: 43 WI four, five, or fix fides, encompaſſed with a ditch and a bank of earth. 
The bank encompaſſing ſuch works generally canliſt of two parts, 
called rampart and parapet. | Te 


pont . 64. The Rampart is a large bank ſurrounding a work or place, of a 
vlar beight ſufficient to cover the habitable parts of the houſes (if any) from 
bare direct fire of the enemy; or to raiſe the defendants ſo, as to command 
choſe de neighbourhood ; and of a thickneſs ſufficient to reſiſt the efforts of an 
enemy's cannon for ſome time. | | | 


o. 65. The PAR Ar Ex, or breaſt-work, is a bank raiſed on the rampart 
P tloſe to its outer edge, to cover and defend the troops poſted behind it, 
on the rampart. 8 | | 


66. On thoſe ſides of the work likely to be attacked, the parapet is cut 
Into embraſures and merlons, of the ſame ſize and ſhape as has been 
heyn at arts. 35, 46. 1 N 

| | * B 2 | Againſt 
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Againſt every merlon a foct- banb is raiſed on the inſide for the mu 
to ſtand on, when they are to fire over the crown of the parapet. 


ketry 


To every embraſure a platform is to be fitted, either of planks, a 


ſhewn in art. 36, or of ſtone, as deſcribed in art. 43. 


When thete redoubts are intended to defend lines or intrenchments, 
their faces or ironts ſhould be fo placed, that the ſhot diſcharged fron 
them may fly directly io the front of thoſe lines; for hereby the enemy 
may be fo galled in flank, as to find it neceliary to attack the redoubts, 
and fo either weaken his attack on the lines, or cauſe him to loſe time, 


But when redoubts are built more particularly to defend the ſpot on 
which they ſtand, their faces muſt front the places from which they may 


be battered, and alſo command the ways by which they may be ap. 


proached. 


67. The inner ſides of ſquare redoubts are uſually between the limit T 
of 12 yards and 32 yards; and when they are to be defended by muſketry, of te 
the number of men neceſſary to the defence may be thus determined. 


RuLE. Half the fide ſquared gives the number of troops. 


Exam, Ina ſquare redoubt, one fide of which within is 2.4 yards, re- 


quired the number of troops neceſſary for its defence: 


Half of 24 is 12: then the ſquare of 12 is 144 for the number of men, 70. 


AnD, Twice the 2 root of a given number of men ſhews the H: 
length in yards of the ſide of a ſquare redoubt proper to contain them. doub! 
Thus to contain 100 men, the ſquare root of which number is 10, tie Pa 
fide of the ſquare redoubt muſt be 20 yards, it (o. 

| | are E 

68. To conſtruct a ſquare redoubt. Plate XV. Fig. 23. | . - 
ft, Mark out a ſquare, the ſide of which is adapted to the number of equal 
troops allotted for the defence; as AB for the inſide of the rampart, , Fr 
2d. About this fquare, at the diſtance of 10 or 12 feet, deſcribe another M the a 
fquare, the fide of which cp is the inner boundary, of the parapet. Fr 


3d. Make a parapet about ꝙ or 10 feet thick, the outline of which is to the 
the line EF; leave a berm about 3 or 4. feet broad, the. fide of which 1s 


GH, and dig a Citch about 16 feet wide, and about © or 7 feet deep, which 


let be rounded before the angles of the redoubt, | 


4th. Make the rampart from 4 feet to q or 10 feet high, according to 
circumſtances; let the parapet be 6 or 7 feet higher, and let the foot 


bank be 4+ feet lower than the crown of the parapet. 


Sth. On the ſide moſt ſecure from the enemy make a bridge acrols tit 
ditch, and a paſſage through the rampart, The breadth of this way 
ſhould be about 4 or 5 ect, if the defence is to be by muſketry only; bu 
9 or 10 feet if cannon are to be uſed ; and in either. caſe the paſlage is tt 


be ſhut-up by a ſtrong gate, | 
parapet ſhould be at leaſt 5 or 6 fect thicker, 


But f the redoubt is to be defended by cannon, both the rampart an 


69. A 


— 
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7 60. As it is cuſtomary for troops to preſent their breaſts to the para- 
et, and then fire direct before them, there will be a very conſiderable 
ſpace before each angle of the work, that will be in a great meaſure with · 
out any defence. Io remedy this defect in theſe works, it has been pro- 
poſed to round the inſide of the angles of the parapet, and poſt three 


nor four men there to defend the angle; for more cannot well be applied. 
y WH But this appearing alſo defective, Mr. Clairac has ſhewn an ingenious 
„ ncthod to make the fire pretty nearly equal in all parts; which is done 
e. by cutting the inſide of the parapet into notches, whoſe two ſides, of a 
n WI yard each, are at right angles to one another, and make half right angles 
ay with the ſides of the work; the manner of which and its defence, will 
- WW be plain from fig. 23. where the lines with dots at the ends repreſent the 


fire three different ways irom the ſame ſide, 


There are in many Treatiſes of Fortification directions to make a kind 
of temporary works called SCONCES, or FiELD-FORTS; ſome of which 
being pretty weil contrived for defence, will be here explained ; but one 
ſpecies of fſconces, called STAR-FORTS, are ſuch wretched baubles, that 
nothing more will be mentioned of them here, than that their plans arg 
pretty things to ſtick on children's kites, - 


70. Fo conſtruct a Flanked Redzubt, Plate XV. F igs. 24, 25, 20, 


Having deſcribed the inner figure, where AB is an inner ſide of the re- 
doubt. ſuppoſe of about 18 yards | | | „ | 
the Parallel to this figure, at the diſtance of about four or five yards from 
it (or more if neceſſary), deſcribe an outward figure, the ſides of which 
are ED, EF, &c. Et ” 

Divide each ſide, as Ep, EF, Sc. into three equal parts, one of which 
is EI, EL, &c.; and in theſe - ſides prolonged take DG, ERH, &c. each 
equal to one of thoſe three parts. | Xe 

From the points G, u, &c. thus found, draw the lines of defence ta 
the angles of the outward figure, as HD, &c. 5 | 

From the points 1, L, &c. draw the flanks, Ik², La, &c. perpendicular 
to the ſides, EBD, EF, Ic. meeting the lines of defence in k, u, &c, 


* 


Or, The flanks may be thus drawn, $7 


In the line px continued towards E, take 12 equal to twice IE. And from 
5, as a center with the radius PI, cut the line of defence in k, and draw 
the flank 1K. FG 8 | 

Then to each face (HK), flank (kf), and curtin (10), make a parapet 
of about 7 feet thick (or more ig neceſſary), which is expreſſed in the plan 
by lines drawn at that diſtance on the infide of the ſeveral parts. 

Leave a proper berm of about 4 or 5 feet broad, and make a ditch of 
about 5 or 6 yards wide, the outer line of which, or counterſcarp, is to bg 
parallel to the faces and curtins only. - | 


9. = 5 6 34 | Are 


point- blank flight of a muſket ſhot. But i 
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A redoubt thus conſtrued is more capable of defence than one with 
out flanks: for the curtin 1G is well defended by the flank Ik; and t 
face HK has ſome defence from the part DG. 


. 1 | Of 4 


AREA is a fortified line broken into ſeveral curtins s and Hanks, the 
defences of the flanks being all directed one way. 


This is a very good work for the defence of any paſſage, ſuch as a hol. 
low way, a road, a river, or a harbour's entrance. 


If the defence is intended chiefly for cannon, the diſtance of the gate 
from one another ſhould not exceed 300 yards, that being about the 
if the defence is chiefly intended 

for muſketry, the diſtance of the flanks may be about 50 yards or leſs, In 
general the diſtance of the flanks ſhould be regulated according to the 
number of them intended to be placed within the Jength of the line, The 
length of each flank fhould be about 15 or 18 feet, in order to admit one 
gun; ; but it more cannon than one are to be put in a flank, the Ranks 
mult be made pryportionally longer. 


Ard if the flanks are made about two or three feet lower than the 
curtins, there will be no danger of the troops poſted in the ſaliant angle 
of one flank, being hit by thoſe in the entering * of the flank next 
behind. | | 


972. | | T: conſirus? a Redan. 


In the front fine who the equal ſpaces AB, AB, Sc. of the length pro- 
poſed for the diſtance of the flanks, as ſuppoſe 50 yards; draw the per- 
pendiculars Ac, Bo, of 18 feet each, and draw the faces BC, AD. 


From the ſaliant angles A, By draw the flanks AE, BF, at right angles 
to the faces, and the maſter line ASBFAE will be conſtructed. 


Make 2 rampart, parapet, and foot-bank z ramps in the curtins, an em- 
braſure in each flank, and as many in each face as convenient. 


The thickneſs of the parapet, if of earth, may be from 9 to 12 feet; ; 
but if of maſonry, about 4 or 3 teet will do. 
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SECTION 0 
Off the Fortiſying of Towns. 


Towns are fortified by ſurrounding them with a rampart, moat and 
outworkS. - Ine OE) | = | 
73. The RAMPART of a town is a large bank of earth ſurrounding 
the place, of a height ſufficient to cover the habitable parts of the houſes 
from the direct fire of an enemy; and of n thickneſs ſufficient to reſiſt 

the efforts of his cannon for many days, 

The rampart at certain diſtances, within the reach of muſket ſhot, | 
ſhould have works projecting outwards, either contiguous to the ram- 
part, or detached from it; and theſe projections are to be ſo contrived, 
as to flank or defend one another. | | | 

Projecting works contiguous to the ramparts are called ba/tians, and 
thoſe detached from it are called outiworks, 
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74. A BASTION 1s a projecting work conſiſting of four lines; namely 
of two Facts forming a ſaliant angle; and of two FLanKks, which 
join one to the end of each fice, and have their other ends joined to the 
rampart, | 


75, The CURTIN is that part of the rampart which lies between two 
baſtions. | | 


-6, The PaRaPpeT is a breaſt-work ranging quite round the faces, 
flanks, and curtins; of a height and ſtrength proper to cover the troops 
poſted on the rampart. 


77. The Mor is a large ditch dug on the outſide of the rampart and 
ſome outworks, quite round the place; the earth that comes out of it 
ſerves to make the ramparts, parapets, and other elevated works. 

The SCARP is that border or wall ot the moat next the place, and the 
CoUuNTERSCARP is the oppoſite border or wall. 


-8, The CovERtD-waAY is a ſort of paſſage or ſtrect running quite 
round the moat next the counterſcarp; and is covered on the ſide next 
the country by a bank or parapet. 


79. The Gracis is a gentle ſlope of earth deſcending from the para- 
pet of the covered-way towards the country. I 

The head of the glacis is the higheſt part of it, or the top of the para- 
pet next the covered-way. This part is ſometimes called the counter= 
ſcarp; but the ſoldicry uſually call the covered-way and glacis together 
the counterſcarp. 


F » 


80. The Ourwokks, or thoſe detached from the rampart, are of va- 
rious forms and uſes; ſome to cover the principal parts of the rampart, 
and to retard the enemy's approaches towards the town, and others to 
ſecure thoſe places, which, if neglected, might be of advantage to the 
beſiegers. : 


= " $2 81. The 
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81. The names of the principal Parts of the Plan of a Fortreſs. Plate XVI. 


The figure HFBMN repreſents the plan of a baſtion. Fig. 4 


ag the thickneſs of « Sh rampart, 
a d | the breadth of the parapet, 
mmm the moat, ditch, or foſs. 
a a aa the covered- way. 
bbbb the glacis. : 

32. | Of the 3 Lines. 

The line AB repreſents the exterior fide of the polygon, and LA its ks 
ix | - the interior fide and LI its radius, 
IA the capital cD the normal. 

GH the curtin AH the line of deſence. 
iT GI : the demi-gorge, the breadth HN the gorge, 
he line Ur repreſents the flak 
And BF F the face {of the baſtion. 
83. Of the princital Angles. 
The angle ALB z repreſents the angle of the center. 
CL AAB the angle of the polygon, or . of the gorge. 
L EGH the angle of the curtin, or 4 of the Bank. 
GEA the angle of the ſhoulder, 
TBN the angle of the baſtion, or flanked angle. 
BAH the diminiſhed angle. 
; the exterior flanking angle; or 
ADE the angle of the tenail. 
. EHG the nterior flanking angle. 
4 Pp a the angle of the counterſcarp. 


84. The names of the principal parts of the Profile of a Fortreſs, 
Suppefed to be taken through the line PR, Fig. 6. 


The line A a reyieients the thickneſs of the rampart at its baſe, 


AR the inner ſlope 

BR | the inner height o of the rampart. 
BC | the walk | _ 
- the ſlope, and DE the top of the foot-bank. 
EF the inner face or ſlope 
FG - the top or crown _ of the parapet. 
GH  . the outer ſlope or front 
HI the face of the wall, called the ſcarp, 
IK the breadth of the moat. 
KL | the outer wall of the moat, or counterſcarp: 
7 54 the breadth of the covered- way. | 

1 the ſlope, and No the top of the foot- bank. 

_— | the ſlope of the parapet, or inner face of the 
| glacis. 

the gentle flope, and Þ the head of the glacis. 


75 
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principles 
as funda- 


Military works of defence ſhould be conformable to the 
which have from time to time been collected and eſtabliſhed 
mental propoſitions ; ſuch are the following. 


$5. GENERAL PRINCIPLES, uſually called M axims, 


I. The plan of every place that is to be fortified, ought firſt to be cir- 
cumſcribed with one of the moſt convenient polygonal figures that can 
be fitted to that place, and this polygon to be fortified. - 
II. The more regular the circumicribing polygon is, the better. 
III. It is a diſadvantage to be under a neceſhty of extending the works 
about a fortreſs, | | | | 
IV. Every fide of the polygon, as much as is poſſible, ſhould be equally 
fortified ; that the enemy may not have it in his choice to attack a part 
more weak than the reſt. . 5 | 
V. All works ought, as much as is poſſible, to be eaſy to build, hard 
to deſtroy, and not difficult to be repaired. | | 
VI. The works about a fortreſs ſhould be fo contrived as to cover the 


defendants, diſcover the approaches of the enemy, and be adapted to the 
common weapons of defence. | | | 5 

VII. Each work ſhoulu bedefended from as man 
able to be attacked from as few places as poſſible. Wt 

VIII. Theſe works made to defend one another ſhould be ſufficiently 
large to contain the troops and cannon neceſſary for that defence. ; 

IX. Works which are to flank one another ought not to be at a greater 
diſtance than the point-blank flight of a muſket-ſhot,, _ - 
X. The works fartheſt diſtant from the body of the place ſhould ever 
be loweſt, that they may be commanded by thoſe that are nearer. - 

XI. None of the works ſhould, if it ean be helped, be beyond the 
point-blank reach of the cannon within the town. | 


XII. Wet ditches are preferable for ſmall places, dry ones for large 


y as may be, and li- 


places. | 


XIII. Baſtions with large flanks and large gorges are moſt eſteemed. 

XIV. The flanked angle of a baſtion ſhould not be much leſs than a 
right one, but are better when obtuſe, not exceeding 120 or 130 degrees. 

1 The faces of baſtions ſhould not differ much in length from 100 
yards. | 


XVI. A curtin ſhould not be much longer than 180 yards, nor much 
ſhorter than 100 yards. | | | | 


XVII. The angle of the curtin ſhould be between the limits of go 
and 100 degrees, | . 
XVIII. The point-blank flight of a muſket-ball is about 300 yards, 
or within the limits of 240 and 360 yards; and that of a battering can- 
non is about 1200 yards, | 
XIX. Battering cannon will drive a ball 14 or 15 feet into a bank of 
common earth at a diſtance of 3oo or 400 yards. = 


From the foregoing maxims conſtructions have been made ſor all the 
regular polygons from four to twelve ſides incluſive ; and the quantity of 
the ſeveral lines and angles have been obtained from trigonometrical ope- 
rations ; the reſults of which are contained in the following table, m_ 
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| By the help of this table, every thing 1 to the maſter-}i R | 
ol theſe fortreſles is readily conffructed. = line of any | 


*. 7  PROBLEM-1. 
To deſcribe any of the polygons in the table. 
FiRsT. To conſiruct a po ygon in a circle. Plate XVI. Fig. 1. 


1it. With the exterior radius of the given polygon deſcribe a circle. 
2d. Apply the exterior fide equal to 360 yards within the circumfe- 
rence of that circle, from A to B, B to c, c to p, &c. as many times as 
the propoſed polygon has ſides. | 
a 37: Fas the lines AB, Bc, CD, &c. and the polygon will be con- 
ructed. 55 ; : | 


88. SEconDLY, To conſtruct a polygon upon the exterior ſide. Plate 
| | Fig. 2. i 


1ſt. Draw the exterior ſide AB equal to 360 yards. 
2d. At the ends A, B, make angles equal to the angle of the polygon, 
and in that poſition draw the lines AE, Bc, each of the length of AB. 
234d. At the points E, c, make angles as before, and in thoſe poſitions 
draw the lines ED, cp, each of the ſame length as AB. 
And thus proceed until the polygon is conſtructed. 
Note, The two laſt lines may be found by deſcribing interſeCting arcs 
vp, with the radius AB, from the centers E and o. 


99. PROBLEM II. 


To fortify any regular polygon in the table. 
Or, To draw the MAS TER-LINE of a regular fortreſs. 


Finer. From the exterior fide. © Plate XVI. Fig. 3. 


1. Make the exterior ſide AB equal to 360 yards, and find its middle c. 
2d. Draw cp at right angles to AB, and make cp equal to the normal. 
3d. Through Þ draw the lines of defence anH, BDG. 
4th. Make the faces AE, BF, each of their proper lengths. 
th. Transfer the diſtance FE from F to o, and from E to H. 
6th. Draw the curtin GB, and the flanks EG, FH. | | 
This work being done for every front or fide, the maſter-line of the 
fortreſs will be deſcribed. . 
This method is moſt fit, when the maſter- line is to be laid down on 2 
place where there were no works before. 


90. SeconDLY. To fortify from the curtin. Fig. 3. 


1ſt, Make the curtin GH of its proper length, for the given polygon. 
2d. Make the angles of the curtin HGE, ox, as in the table. 

3d. In the lines GE, Hr, take the flanks GE, HF, of their proper length. 
2th. Make the angles of the ſhoulders GEA, HrB, as in the table. 
Sth. Make the faces FB, EA, of their proper lengths. Tis 
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This method is proper to be uſed when a piece of; an old fortification 
js to ſerve for a curtin to fave expence. | 


91. TrinDLy. To fortify from the PETS © F WET 3. 


| rt, Make the interior fide 1x of the length given in the table for the 


N polygon. 
2d. From each end ſet off its proper demigorge xn and 61. 


3d. On E and 1 as centers, with the extent of the capital, as in the 


table, deſcribe ares at B and a. 
Ath. On a and 6 as centers, with the length of the line of bee as 
in the table, cut the former arcs in A and B. 
th. Draw the lines an, BG; in which take the faces AE, BF, and 
draw the flanks EG, FH, | | | 


This method is uſeful hes modern ramparts and baſtions are to be 
annexed to ſimple walls ſurrounding a place. 
In either of the above methods, the work here defcribed for one front 


is to be applied to every front of the polygon ; and it is recommended to » 
the learner, that he apply the precepts given for one front to a complete 


polygon; and ſhould a frequent repetition of theſe operations to a whole 
polygon become diſagreeable, they may be done my on two fronts, 
which may be thus drawn. 

Draw a capital line AL; make the angles I. AB, LAA, each equal to 
Half the angle of the polygon; ; and make the ſides AB, An each equal to 
360 yards. 


92. PROBLEM * - 
To conſtruct the Plan of a- baſtion. Plate XVI. Fig. 4. 


4 


Iſt. Draw a capital line Bk, and make the angles MBK, FBK, each 


Equal to half the flanked angle. 
2d. Take the lines Br, BM, each of the length of the face, 
. 3d. At the points F, my, make the angles of the ſhoulder BFH, BMN. 
4th, Make the lines Fh, MN, each of the length of the flank. 
5th. At the points H, v, make the angles FHG, MNa, equal to the 
angle of the curtin, and draw the pieces of the curtin HG, Na. 


This problem may be found uſeful on many occaſions; ; 
when the drawings of works in a baſtion are to be repreſented with that 
baſtion only, on a large ſcale, tberefore it was here introduced, more 
eſpecialhy for beginners, who are apt to be ſomewhat puzzled about con- 
ſtructing part of a work, independent of the whole. 


93. . PROBLEM iv. 


The ee line f a fore being given ; to draw the Plan of 1 ebe remark, 


Plate XVI. Fig. 5. 


Iſt. Draw the Bikes « as perpendicular to each face, flank and curting 
2d. In each of ps lines. a g take ag=24 yards, ab=20 yards. 
| en 8 yards, a d 6 yards. 
3d. Through 
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20. Through the points d, c, b, g, draw lines parallel to the maſter- 


line; that is, to each face, flank, and curtin, interſecting one another, 
Then the breadth of the rampart is repreſented by a'g=24 yards. "I 
of the parapet by ad= 6 yards. 
of the foot-bank _ by d c= 2 yards. 
of the walk of the rampart by c b=12 yards. 
And of the ſlope of the rampart by ö g= 4 yards. 


The breadths of theſe parts of the ramparts are ſometimes different, ac- 


cording to the quality of the earth, or other materials the work is to be 

built with. ; 1 SN 2 > 3 
Sometimes the baſtions are made ſolid; that is, the rampart fills up 

the whole ſpace contained within the faces, flanks, and neck. The plans 


of ſuch are repreſented by continuing the pair of lines 5 g, forming the 


inner ſlope of the ' rampart, againſt the adjacent curtins, till they meet 
the capital in the breaſt of the baſtion, as at x; but then this pair of lines 
is to be omitted againſt the flanks and faces of ſuch baſtions. 

In plans drawn from a large ſcale it is uſual to expreſs the outſide lope 
of the rampart by a pair of lines; that is, by drawing a parallel to the 
maſter-line about five or ſix feet diſtant from it on the outſide. : 
Tue maſter-line is to be drawn the thickeſt ; the inſide of the parapet 
ſomething finer ; and the other lines as fine as they can be drawn, 


94. Before any of the lines are drawn in ink (for it ſhould be re- 
marked that every thing is firſt to be drawn in black lead pencil), let the 
ramps be put in the inner ſlope of the rampart (52); the embraſures in 
the parapets of the flanks (46) ; the barbets in the ſaliant angles of the 
baſtions, fig. 6. with their ramps (56); and the cavaliers, if any are to 


be, in the ſolid baſtions, fig: 7. with their ramps and embraſures (58). 


All theſe ſeveral parts being laid down with black lead pencil, let the 
lines be neatly drawn with Indian ink, taking care not to draw them be- 
yond their proper terminations ; for wherever ſuperfluous ink lines are 


ſcraped off, the plans will never look well when they come to be waſhed 


with any colour. e 

When the plan is to be waſhed, that is, coloured with tints of Indian 
ink or other colours, leave the lower line of the inner ſlope of the ram- 
part in lead pencil, Which will make it appear ſofter when the drawing is 
cleaned off. 5 | | | 


REMARK 8. 1 


w . 


95. In the middle of baſtions, fig. 8. it is uſual to build magazines 


for the ſtores of powder, bombs, and other fire-works, and alſo for the 


proviſions for the troops, and lodging. For in theſe places they are not 
only more out of the way of doing damage to the town on an accident of 
blowing up, but they are alſo nearer at hand to be tranſported to the ſe- 
veral works where they may be wanted ; and here the troops may ſecurely 
take their reſt when relieved from duty, ben 

25 | Theſe 
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Theſe magazines are uſually built about 20 yards long by 12 broad in 
the clear, and about 8 feet high in the upright, beſides the riſe of the ſe. 
micircular vault : the fide walls are about 8 or 9 feet thick at the foun- 


dations, and about 8 at top; the end walls about 5 at bottom and 4 at- 


top: and that they may be bomb proof, the work is about three feet 
thick in the reins, or juſt above the ſpringing of the arch, and eight or 
nine feet thick in the crown or top; this is effected by building the roof 
ſloping on the outſide, like the roof of a houſe. 


Theſe buildings are ſometimes ſtrengthened on each ſide by buttreſſes 


6 feet by 4; and in each fide wall there ſhould be left in the ſolidity of 

the wall vent-holes to air the magazine: theſe vents wind round a kind 

of ſhaft of about a foot ſquare. In each gable end, a ſmall window | is 
made to give light. 

96. Magazines may be either in hollow or ſolid baſtions ; care being 
taken in the latter to leave an area about their walls, if the place is ſub- 
ject to damps. There are thoſe, who would have the magazines at the 
toot of the rampart along the curtins, in order (as they ſay) that the ba. 
tion, by being left clear, may be diſputed witb the enemy inch by inch at 
laft ; but as there are very few examples, fince the modern practice of 
war, of ſuch extraordinary reſolution in the defendants after a breach is 
made, the reaſons for having the baſtions thus unincumbered with build- 
ings, are rather ideal than real, and conſequently can have but little 
weight. However, when the ditch furniſhes earth enough, or it can be 
otherwiſe eaſily had, it has been the practice of the moſt celebrated en- 
gineers to make full baſtions, eſpecially if they were ſmall and had nar- 
row necks. 

97. In the ſaliant angles of baſtions, fig. 7. ſuch as the flanked angle, 


and the angles of the ſhoulders, it is uſual to make little centry-boxes of 


wood or ſtone, to ſecure the centinels from the inclemency of the wea- 
ther and random ſhot. They are furniſhed in the ſides with loop-holes, 
to ſee what is doing in the ditch and covered-way, and alſo to fire through 
on occaſion. 

The plans of theſe centry- - boxes may be either ſquare, round, or pen- 
tagonal, and their floors. are on a level with the walk of the rampart; 
their communication is by a paſſage of about 3 feet wide, bricked on - 
each fide, cut through the parapet. 

The centry-boxes built of ſtone are uſually | ornamented with mould- 
ings, and the arms of the prince or ſtate. 


68 FEREOBLEM VY. 


The maſter-line of a fortreſs being given, to draw the plan of the foſs and 
f fires bt Plate XVI. fig. 4. 1 


iſt. On the flanked angle B of each baſtion, with the radius Bc equa 
to the breadth of the foſs, found in the table, deſcribe an arc cc. 
2d. Lay a ruler to touch each arc at c, and the angle E of the neareſt 
ſhoulder of the next baſtion, and in that direction draw the lines cp, 
meeting one another in p. 
3d, From the flanked angle of each baſtion dray lines 7 at right 
angles to cp. 
4th, In 
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4th. In each of the lines B g, take c a= IO yards ( Fig. 4.) 


0 3 C 9=12 yards, and c q=60 yards. 
5th. Through the points, a, o, 9, draw lines parallel to © p, meeting 
before the middles of the curtins at c and t (Fig. 3), and before the 
flanked angle of the baſtions in v, x, y,. | 


Then will Bc repreſent the breadth of the foſs. 


c 2 | of the efplanade. 
6 of the covered - way. 
as | of the foot=bank. 
«y- - of the glacis, 

The arcs cc repreſent the roundings of the foſs. 
The lines c þ the counterſcarp. 
* the head | 
3 the ridges ES 
155 3 4 the vallies of the glacis.. 
And yt the foot 


The head of the glacis is to be drawn ſtrong, and all the other Knes 
are to be fine. | 


99. When the plan is to be waſhed, if the foot of the glacis be drawn 
in lead pencil only, the termination of the glacis, or its concourſe with 
the adjoining lands, will appear more ſoft and neat. 

In the colouring of the glacis it is uſual firſt to lay a very light tint of 


colour over every plane, and then to ſtrengthen the colour on every ſe- 


cond plane, beginning at any faliant angle; the ſtrongeſt tint to be next 


the head of the glacis, and to be waſhed gradually off; ſo that the limits 


of the lighteſt ſhade ſhall lie in a diagonal line from the foot of the glacis 
at a ridge, to the head of the valley, as from y to s. 
Give a light touch of the pencil or bruſh, with a middling tint of In- 
dian ink, along the inſide of the line, denoting the foot-bank. 
Waſh the borders of the ditch near the ſcarp and counterſcarp, 


ſoftening the edge of the colour with a bruſh wet with fair water; in 


wet ditches the colour uſed is diſtilled verdigriſe; but in dry ditches uſe 
biſter, 5 5 ; 

The parapet is generally coloured with a middling tint of Indian ink. 

100. By this method of drawing the counterſcarp, all the foſs is ſeen 
from the flanks, and conſequently is defended by them; which muſt be 
more advantageous than if the counterſcarp was directed to any other 
part of the flank, the intercepted part next the ſhoulder being by it ren- 
dered uſeleſs for the defence of the ditck ; nevertheleſs, if it were on any 
account neceſſary, the direction of the wall of the ditch may point within 
the ſhoulder by the thickneſs of the parapet of the face, and ſtill the foſa 
would have the whole defence of the flank. | | 

101. Fortifications in general would be very defective without foſſes: 

for the wall or rampart need not be raifed ſo high when there is a ditch, 
as they muſt be without one, to ſecure the place from ſurprizes by ſcaling, 
&c. Neither is a low wall ſo much expoſed as a high one is in the modern 
methods of attack. Beſides, a place is not ſo liable to the attempts of a 
ſurprize with a foſs, as it would be without one; for the enemy, if diſ- 
covered, may eaſily retreat while he is on a level with the country, which 


he would find ſome difficulty in doing from the bottom of a deep foſs 


bounded 
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bounded by walls or banks nearly upright. Add to theſe, that the earth 


taken out of the ditch ſerves to make the ramparts, parapets, glacis, Qc. 


102. It may appear to ſome perſons, that the broader and deeper a foſs 
is, the better, as it would throw more difficulties in the way of the be- 


ſiegers when they wanted to paſs it; but ſome advantages are beſt waved, 


when, by taking them, greater diſadvantages would enſue. For beſide the 
great expence that the digging and removing ſo much earth would occa- 


ſion, the enemy might ſee the foot of the wall at a greater diſtance in a 


broad ditch ; and in a deep one, the cannon of the flanks. could not dip 
low enough to defend the bottom. And on the whole, if the foſs by 54 
magnitude furniſhed more earth than was wanted, ſome 1 inconvenience 
might ariſe in the diſpoſing of the overplus. 

103. Thoſe foſſes are beſt, which can be filled with water and drained 
at pleaſure by the help of luices or floodgates ; becauſe all the advantages 
that may be reaped either from a wet or dry fols, are by theſe means ob- 
tained: but as theſe cannot be had every _—_— the ditch muſt be adapted 
to the ſituation of the place. 

In dry foſles a row of paliſades is ſometimes planted along the middle, 
either upright, or ſloping towards the counterſcarp 20? or 30% from the 
upright. 

2 ſome dry foſſes, where water can be had, a trench called CuverTTe 


nn (Fig. 12.) is dug along the middle, of about 12 or 15 feet wide and 


6 feet deep, for the water to run in. 


The breadth of the foſs, although unequal in itſelf, is reckoned from 


the flanked angles, before which i itis always rounded ; "the depth here may 
be from 15 to 20 feet, and thence riſe gradually to the middle of the curtin 
where the depth is 4 or 5 feet leſs. 


Of G, ates. 


104. A Gare, i in a fortified place, is a paſſage through the rampart, 
which can be ſhut up or opened by the means of doors and a portcullts. 


105. A PORTCULL1s is either a HERSE conſiſting of ſtrong pieces of 


timber framed like a lattice, the lower ends of the upright pieces being 
ſhod with pointed iron, and the whole frame let down by chains or ropes: 


or Orcs, conſiſting of ſeveral long pieces of timber not framed toge- 
ther; each hanging by its particular rope or chain, the ends of which are 


wound round a windlaſs which lets them all down together, 
The ule of a portcuilis is to ſtop the gateway in caſe of a ſurprize ; 


and in this, the orgues are by much the beſt contrivance ; for a herſe may 


be broken to pieces by a petard, or by cannon ſhot : but ſhould a beam 
in the orgues be {truck off in the middle, the upper part will —_— to 
ſupply the place of the part taken away. 

Gates are either public or private. 

106. Private or POSTERN GATES are thoſe oalfores 8 the 


rampart by which the troops can go out of the town unfeen by the enemy, 


when they paſs to and from the relief of the duty in the outworks; or on 
any other occaſion which! is to be concealed from the deen. 


10. ros- : 


the = 
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107. PUBLIC GATES are the paſſages through the middles of the cur- 
tins, to which the great roads or public ways lead. Cn 
They are put in the middles of curtins, as being the bei defended place 
in the out-line of the rampart. | 4 
The dimenſions of a public gateway are uſually about 
high, and g or 10 feet wide, continued throu 
receſſes for the foot- paſſengers to 


13 or 14 feet 
gh the rampart with proper 
xy. ſtand in while the wheel-earriages paſs 
on, [tis uſual to ornament the front of the gateway on the outſide with 


architecture either of the Tuſcan or Doric order, and to cover the paſſage 
with a ſtrong vault, Over the vault, cloſe to the town-wall, is erected a 
building of about 18 or 20 feet ſquare, in which is ſuſpended the port- 
cullis; and on the inſide of the rampart there is generally raiſed another 
building, of about 100 feet in front and 30 deep, and high enough to 
contain one or two floors of rooms for one of the town-officers, the 


ground floor ſerving for guard-rooms for the troops who are on duty at 
the gates. | Mo 1 885 


108. To conſtrudt the Plan of a with the adjoining Buildings, Pl. XVI. 
| 18. Yo - | 
Let the line ac repreſent the thickneſs of the baſe of the rampart, and 
the middle line of the gateway; in which take theſe meaſures in feet: 
f Ai; fr=6; rh=1i8; c:=30; and cm=15 : through theſe points, 
lines being drawn parallel to the curtin, take fd=4i; fb=14; rg=9gz 
c>=50; and & /=6 feet, and complete the figure, | 
Then bg repreſents the plan of the frontiſpiece ; g.h of the portcullis 


room; 14 of the arcade or guard-houſe; and /# is the breadth of the 
airs to aſcend the rampart. | bl 


The plan, to which theſe direct 


ions refer, is on the right-hand ſide of 
the plate, = | 


199. Of the diſpoſition of the Streets and Buildings in a Fortreſs. 

When a new town is built and fortified, and all that relates to the 
rampart is fixed with regard to ſituation and ſize; then the plan of the 
ſtreets is to be conſidered; and here ſome authors have thought it con- 
venient to adapt the poſition of the ſtreets to the climate the town is 
builr in. | : | 5 

Thus in hot climates, they would have the ſtreets run NE. and S W.; 
NW. and SE.; for then the ſtreets will be ſhaded by the houſes from the 
mid-day ſun. In this manner New Briſac, part of Malta, and ſome other 
regular built towns are laid out. But in cold climates, they adviſe to 


place the ſtreets ſo as to run north, and ſouth, eaſt and weſt, in order to 
laue as much ſun heat as can be. | | 


110. To deſign a Plan of the Streets and Buildings. | 
About the middle 1. of the town deſcribe a ſquare, the ſides of which 
ſhall be parallel to the poſition of the ſtreets (alteady determined); this 
quare is called the great place of arms, and the ſize of it ſhould be pro- 
Yor. II. | „ | portioned 


| 
| 
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portioned to that of the town, and to the number of troops deſigned for 
its defence. Thus in a ſquare, make the fide of the place of arms about 
90 yards; ina pentagon, about 1003 a hexagon, 120; a heptagon, 140; 
an octagon, about 160 yards, &c. In this place of arms the troops pd- 
rade, or are aſſembled for their daily exerciſe. | | 


In the continuation of each fide of the ſquare draw ſtrects about 19 
yards wide; likewiſe through the middle of each fide draw a ſtreet about 
12 yards broad; croſs theſe ſtreets perpendicularly with others about 8 
yards wide; make the parallel diſlance of theſe croſs ſtreets about 40 
yards, and continue all the lines to the rampart. 

It is not neceſſary, that the middle ſtreets going from the great place 
of arms L ſhould terminate directly againſt the gate E, fig. 9. But it is 


ſomewhat more convenient, when the circumſtances of the place will ad- 


mit it to be ſo. 3 1 15 

Make ſtreets about 10 er 12 yards wide, parallel to the curtins, and 
bounded on one ſide by the rampart. About 15 yards diſtant from this 
ſtreet, within, draw another ſtreet about ꝙ yards wide. In the ſpace n 
between theſe two ſtreets, the barracks for lodging the officers and ſol- 
diers are built; and in the ſtreet next the rampart the piles of, ſhot and 
bombs are ſometimes placed. | IB 

The length of the plan of a barrack before a curtin is about 140 or 
180 yards, and the plan of a pavilion 1 for the officers may be about 25 


yards long by 16 or 18 yards broad. 


Againſt thoſe curtins where the public gates E are placed, the barracks 
are diſcontinued for about 40 yards on each fide the gate, making an 
area abou: 80 yards long, and 36 broad, which ſerves for a leſſer place of 
arms, where the guards of a gate-way draw up in caſe of a furprize: 
this area is alſo uſeful for the carriages that are going out'to ftop in, until 
thoſe on the bridge coming in have entered the gate. In figures of 4, 5, 
or 6 ſides this area is leſss. ns | 

The extremities I of the barracxs next the gates and baſtions are uſu- 
ally aſſigned for the officers pavilions, being the moſt airy places. 

111, Of the rectangular plats made by the interſcctions of the ſtreets, 
the moſt conveniently ſituated ones are to be choſen for the public build- 
ings; ſuch as the arſenal, church, town-houſe, market, houſe for the go- 
vernor, and for the other chief officers in the ſervice of the ſtate; and on 

the remaining plats houſes are built for the burghers. 

HBeſide the guard-houſes of the gates there ſhould be others made on 
the ramparts for the centinels appointed for the night watch ; theſe guard- 
chambers are often placed at the centers of the necks of baſtions, when 
in thoſe places there are no cavaliers or magazines of powder. They are 
alſo well diſpoſed, when ſet on the middles of theſe curtins where there 
are no public gates, eſpecially when there is àa water-gate through which 
runs a canal or river. | LE 

The arſenal ſhould be erected in a place the leaſt liable to accidents of 
fire; and if there is a conveniency of water-carriage in the town, the 
arſenal ſhould be placed as near the water as may be. 

There are no general] rules to be given for fixing the places on which 
the public buildings are to be erected, becauſe the circumſtances by 
which engineers regulate their plans are various. "Therefore in the ſigure 

= | 08 | | re- 
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referred to, which is a regular pentagon fortified in the common way, the 
ſtreets and buildings are laid out in imitation of their diſpoſition in New 
Briſac ; which being in general eſteem is uſually propoſed as a pattern 
for beginners. EO | | | 
There are many writers on this ſubject, who propoſe to make the 
great place of arms, or parade, ſimilar to the figure of the town when 
regular; and from the angles and ſides of this parade, draw ſtreets to the 
middle of the baſtions and curtins-z but as this diſpoſition ſpoils moſt of 
the corner houſes in the town by making the walls at oblique angles to 


one another, it was thought fufficient barely to mention ſuch conſtruc- 


tions. 
| | Of Bridges. 
112. The paſſage over the moats of fortified places is by bridges, moſt 


commonly made of timber, and ſupported by frames riſing from the bot- 


tom of the ditch: ſuch bridges are either private or public. 

PRIVATE BRIDGES ſerve for the eaſy communication between the 
town and the out works. | | 

PUBLIC BRIDGES are thoſe by which carriages and paſſengers go over 
when they come into or depart from the town. | | 

Bridges conſiſt of two parts, namely, the fixed and moveable. 

The FIXED or DORMANT parts of a bridge are thoſe parts, which are 
ſtrongly joined to the ſupporting piers ; and are never moved but in the 
caſes of repairs, or during a ſiege. | 

The MoveEABLE or DRAW-BRIDGE is a floor of timber framed to- 
gether, one end of which ſerves as an axis, by which the other end may 
be drawn up or let down by ſome eaſy contrivance: the moſt common 
way is by a kind of balance called plyers. | . 

The PLYERs are two timber levers about twice the length of the 
bridge they lift, and joined together by other timbers framed in the form 
of a St. Andrew's croſs, which ſerves as a counterpoiſe. The plyers are 
ſupported by two upright jaumbs, on which they ſwing ; and the draw- 
bridge is raiſcd or let down by the means of chains joined at the ends of 
the plyers and bridge. | | 

The breadth of a public bridge is uſually about 16 feet, including the 
rails and footway of about 3 feet on each fide: but the breadth of the 
draw-bridge is only 9 or 10 feet, and its length about 15 feet. 

A draw-bridge is generally placed cloſe to the gate, whether it be the 
gate of the town or that oi an outwork ; and is then by the means of the 
plyers drawn up againſt the gate. But when a bridge is more than 40 
yards long, it is uſual, beſide the draw-bridge at the gate, to put another 
about the middle of the bridge. : : 


113. To draw a Bridge in the Plan of a Fortreſs. 


Before the gates draw four lines acroſs the ditch, making three intervals 
or ſpaces, the middle one being 10 feet broad, and the ſpace on each 


{:de three feet. | 


„C 2 Divide 


each ſide left white for the footway; which is to be broken off at each 


defence; and cannon placed there, loaded with grape or caſe- ſnot, would 


beſieged, eſpecially when the flanks are plain ones, ſeveral of the moſt 
eminent engineers have propoſed, and actually built part of the flanks re- 
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Divide the length of the bridge into parts of about 16 feet long each, 
to expreſs the diſtance between pier and pier, or the bays of building; 
and againſt each diviſion, on the outſide of the lines, make a ſquare of à 


foot, to expreſs the ends of the piers ſupporting the bridge. 


Allow the bay next the gate for a draw-bridge; and if the length of 
the bridge exceeds 40 yards, allow the middle bay for another draw. 
bridge. Theſe are to be diſtinguiſhed by drawing two diagonals acroſs 
the middle interval of theſe bays, that of the other bays having lines 
drawn acrofs them at a ſmall diſtance from one another, and the ſpace on 


Jdraw-bridge. See figs. 13, 15. Plate XVI. 


114. 07 the Orillon and Retired Flank. 


When the beſiegers of a fortreſs have made a breach in the face of 


a baſtion ſufficiently perfect, and have every thing ready for the ſtorm, 
they croſs the ditch to the attack, if the beſieged will ſuffer it to be 
brought on. In this attack, the fire from the flanks is the moſt effeQual 


do great execution. But of this the beſiegers are well aware, and there. 
fore take care before-hand to difmount all the cannon flanking their in- 
tended paſſage. of the foſs; and as this cannot be well prevented by the 


tired behind the ordinary limits, leaving at the ſhoulder of the baſtion a 
maſs of earth, commonly called an Orillon, which is to ſerve as a ſkreen 
between the enemy's direct fire and a part of the flank. In this covered 
part is reſerved one or two cannon, to be uſed only in the defence of the 
breach in the face of the next baſtion. „ | 

This notion of covering part of the flank is almoſt as old as the mo- 
dern method of fortification. | 2 


\ 


115. To confirud the Orillon and Retired Flank. Plate XVI. Fig. 10. 


iſt, At right angles to the face as, draw from the angle of the ſhoul- 
der tke line $6 equal to 8 or 9 yards, and make 4 the center of the are 
8a, forming the orillon. „ | 

2d. From a point z, in the face of the next baſtion, fig. 6, about 15 
yards from the point A, draw through à a line z n; in which, and alſo in 
the line of defence Ar produced, take the briſures or breaks am and ern, 
each 10 yards. . 

3d. From m and n, with the radius n, deſcribe arcs cutting in 4, 
which make the center of the arc n, or concave flank. 

4th. In dm produced, which ſerves as the termination at this end, 
lay the ſeveral breadths of the parts of the rampart; as the parapet=b 
yards, foot-bank=2 yards, walk=12 yards, and the flope=4. yards; 
then from the center a, through thoſe points, deſcribe arcs, meeting ihe 
parzpet, foot-bank, and rampart lines of the briſure, theſe being in 
the continuation of the like lines drawn within the face of the next 
baſtion. „ 1 5 
| | The 
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The parapet of the orillon is drawn parallel to s a at 6 yards diſtance. 
The _ or 3 line of each uncovered embraſure in the flank, 
ſhould tend toward a point about the middle of the foſs ſit > 
flanked angle of the next baſtion. | "OY 
The wall in the upper brifure am, as it cannot be battered, need not 
be above 2 or 3 feet thick to ſupport the earth behind it. | 


Through this wall there ſhould be a ally. port coming out at the bot- 


tom of the foſs if a dry one, or a little above the water line in a wet foſs. 


The deſcent to this port is by a pafſage under the rampart of the flank ; 


4 


nks -port is in the Curtin next the angle of the 
flank, the paſſaze'to it being under the rampart of the curtin. 


The entrance into theſe ſally-ports is marked on the inner ſlope of the 
rampart againſt the letters v. 2 


116. / Double Flanks, 


Tue progreſs of the works of the beſiegers generally depends on their 
having a greater army than is in the town beſieged, and of forming a 
greater fire on the town than it can return; therefore ſome engineers 
have endeavoured to hinder the progreſs of the beſiegers batteries, by 
furniſhing the town with an equal, or rather a ſuperior fire ; and this has 


been propoſed to be effected by making ſecond and third flanks, one be- 
| hind another, gradually more elevated than - thoſe before. For as it is 


found convenient to ſilence the fire of the flanks, before the beſiegers can 
avail themſelves of the breach they make in the face of the baſtion ; 
batteries are made againſt the flanks, and kept playing at the ſame time 
with thoſe againſt the faces. Now the batteries for the ruin of the flanks 
can be conveniently made only within 10 or 12 yards of the head of the 
glacis, and their length not greater than about 40 yards, containing at 
moſt about 6 or 7 cannon. But if the beſieged can by any artifice pre- 
ſerve the cannon in the oppoſite flank, and have a greater number there 
than are in the battery oppoſed, their fire will of courſe be ſuperior, and 


ruin the battery intended to offend them; and this was expected to be 
 zccompliſhed by double, or cazemated flanks. | 


In ſome places two or three tier of cannon were placed one above the 


other, the upper ones being ſupported by vaulted work, as in the Tower 


of London; but ſuch having been found very inconvenient, on account 


of the great ſmother contained in the vaults, they have been generally | 


conſtrudted open. f 
The cazemated flanks have been condemned ” many writers, becauſe 
they may be rendered uſeleſs by the enemy's bombs; were this objection 


-juft, it would hold againſt any ſmall work; for the beſiegers having once 
got the length to any place, may render that place aifo uſeleſs to the be- 


— ; and it would thence follow, that it were beſt not to have any 
places of defence. But as the utility of ſuch works has been commended 


' dy ſong of the moſt eminent engineers, it was judged proper to mention 
here how theſe flanks may be conſtructed, © | 1 


. $ECTION 
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117. Of Works for the Defence of the "TY 


Such works are uſually called tenails, or ramſborns, or caponiers. 

A TENAIL is a work raiſed in the ditch before the curtin upon the 
lines of defence. 

A RAMSHORN is a curved tenail raiſed in the foſs before the Hanks, 
and preſenting its convexity to the covered-way. 

A CaroNniER is a kind of covered-way or gallery acroſs a dry ditch 
before the middle of the curtin ; and limited between the lines of defence 
and the counterſcarp. 

The tenails never rife above the common ground level, but are fre. 
quently two or three feet lower : they conſiſt of a rampart of about 12 or 
15 yards thick, covered by a parapet of cannon proof, with one or two 
foot-banks, Theſe works are placed at ſuch a diſtance from the curtins 
and flanks, that the ſplinters of ſtone knocked off them by the beſiegers 
cannon may not hurt the troops poſted there. to flank the enemy in their 
paſſage of the foſs ; which is the principal uſe they are made for. 

The caponier is of like uſe, but is uſually ſunk about two or three feet 
lower than the bottom of the foſs. It is about two or three yards broad, 
and is covered by a parapet about 6 feet high on each fide, which ſlopes 
away like a glacis about 15 yards broad. It is frequently covered by a 
roof made with hurdies, to ſuſtain a floor of earth about a foot thick, and 
the whole ſupported with thick planks muſket-proof, with conventent 
Joop-hotes for the defendants to fire through. 


118. | To conſtruct Tenails. Plate XVI. 


Firſt fort with flanks, Fig. 11. Parallel to the curtins and flanks, draw 
the lines eg at 4 or 5 yards diſtance, and Ee, Gp, at 10-yards diftance : 
from F, and p, the middles of co, cr, draw the flanks F, Dd, at right 
angles to the lines of defence a g, B e; draw the curtin a, and put in the 
rampart, parapet, and foot- bank. 

Second fort with faces only, Fig. 12. Take the diſtances from the cur- 
tin and flanks, the ſame as before; and to the lines of defence annex the 
rampart and parapet. 

Third fort with faces and curtin, Fig. 3. v ben the lines of defence 
cool one another in D, ſo near the curtin that there is not room for the 
thickneſs of the rampart and its diſtance from the curtin, make the face 
a b, cd, each of 3 3 of a D, and draw the curtin d 6, 


119. To conſtruct a Caponier. Fig. 12. 


From the exterior flanking angle p draw a line Þ þ to the angle of the 
| counterſcarp 5p; on each ſide of v ? draw parallel lines, at the diſtances 
of 12, 22, and 15 yards from pp; theſe lines being limited by the lines 
of defence and counterſcarp, form the caponier, 

This work, which can be uſed only in a dry ditch, ſerves, beſides its 
defence of the foſs, for a convenient paſſage between the town and its 
outworks; and in this caſe there! 15 uſually a Circular excavation made in 


the 
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the angle of the counteiſcarp, out of which the troops may defile without 


— 


being ſeen by the ene. ny. 


120. To conſtruct a Ramſborn. Plate XVI. Fig. 13 


A line D à drawn from p, the angle of the ſhoulder, at right angles to 
the line of defence, its interſection à with BI, the other line of defence 
continued, gives the center 4; from which, with the radius ap, deſcribe 
the outline Ac of the ramſhorn, cp being equal to 19 yards; and annex 
a parapet, foot-bank, and walk, as in the other tenails. | ' 

This work ſeemg preferable to either of the other tenails, both on ac- 


count of its ſimplicity, and the defence for which it is coaſtructed. 


SECTION VI. 
Of Outworks. 


121. QUTWORKS are all thoſe works advanced beyond the fols, ſerv- 


ing to augment the defence of the town, to cover the gates, bridges, and 


other weak parts; to encloſe thoſe eminences, not too far diſtant, which 
command the town; to ſurround and defend the ſuburbs, if any; and, in 


fine, to throw ſo many difficulties in the way of the beſiegers, that, by the 


length of the ſiege, the enemy may waſte both his time and troops; be- 
fides, ſuch protraction frequently affords an opportunity of obliging him 


to xaiſe the ſiege, either by the approach of a relieving army, or. by the 


ſetting in of a ſeaſon unfit for military buſineſs. 

The outworks recorded By engineers are various, ſuch as ravelins, 
half-moons, lunettes, counterguards, born works, crewn works, tenails, and 
ſeveral others. But many of them having been found defeCtive, are 
now dituſed in all new works and alterations; and therefore thoſe only 
which are now in moſt eſteem will be here treated of, referring tne more 
inquiſitive readers to tae writings of Mallet, Dedier, Le Blond, Muller, 
and others, . „ - 

122, The conſtructions of outworks depend on much the ſame prin- 
ciples as thoſe of the place itſelf; to which may be added, | 

1ſt, Every part of an outwork ought to be flanked or defended either 
from ſome neighbouring work, or from the town itſeif; that the enemy 
may not find any place of real ſhelter among the outworks, without be- 
ing at the labour of throwing up a covering for himſelf, | 
2d. As the chief defence depends on the mufket, the parts mutually 
flanking one another ought to be within the ordinary reach. of that 
weapon ; that is, not excceding about 309 yards. | - 

3d. Every outwork ought to be commanded from the town; and 
therefore the more advanced works are ever to be the loweſt. The gra- 
dation uſually obſerved from work to work is about three feet; that is, 
the rampart of all works advanced before à place gradually diminuh three 
feet in height from the rampart of that place ; thus if the town ramparts 
are 18 feet high, the rampart of the next outwork is 15 feet high, that of 
the work next advanced is 12 feet, and ſo on; thus the more advanced 

outworks are commanded by thoſe next within. | 
a *C4 | : 4th. The 
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4th. The flanked angle of an outwork ought not to be leſs than (o 
degrees. | 5 . 5 | 
= Each outwork ſhould be furrounded with a ditch communicating 
with the foſs of the town, When all the ditches can be filed with water, 
they ought to be equally deep; but when that cannot be obtained, the 
ditches of outworks ſhould be ſhallower than that of the town; by which 
means the front of the outworks will be better defended from the parts 
which flank them. Theſe ditches are uſually from about 20 to 2 


= 


yards broad, and rounded to that breadth before the ſaliant angles, with, 


- 


the counterſcarps parallel to the faces or outlines of the work they encom- 


aſs. | 

öth. The parapets of outworks are to be equally ſtrong and high with 
thoſe of the town, as they are to be cannon proof, and to cover the troops 
_ poſted on the ramparts of thoſe works. So that it is uſual to make the 
parapets of outworks of about 18 feet thick, 6 or 64 feet high, with a 
foot-bank 4+ feet lower than the crown or creſt of the parapet; and the 
walk of the rampart about ſeven or eight yards broad, with a ſlope within 
of about once and a half its height, = 

When the plan of a fortification is to be drawn, in which are out- 
works, the counterſcarp of the great foſs is to remain in black-lead pen- 
cil, until the outworks are annexed in pencil alſo, with their foſſes; then 
the covered way and glacis are to be drawn ſurrounding the foſſes of all 
the works. 8 5 | 


123. Of the Ravelin. Plate XVI. Figs, 14, 15, 16, 17. 

A RAvELIN is a work made before a curtin, ſerving to cover it and 
the adjoining flanks from the direct fire of an enemy. It is compoſed of 
two faces, AB, AC (fig, 14), and the two demigorges p B, pc, taken on 
the counterſcarp. | | | RO 


To conſtruct a ravelin. In a line drawn at right angles to the curtin 


through its middle, take the capital p a equal to about 100 yards, and 
draw the faces AB, AC, directed to points in the faces of the next baſtions, 
about 10 yards diſtance from M, the angle of the ſhoulder. 
In this work put a rampart of about 16 or 20 yards, and a parapet of 
about 6 yards; and before the ſaces put a foſs of about 24 yards wide, 
Tounded before the ſaliant angle A; alſo annex ramps in the flope of the 
rampart, and, if proper, conſtruct a barbet in the ſaliant angle. 
The gorge of the ravelin, or the part next the town, is left open, 
without any rampart; becauſe the enemy cannot attack it there; and 
alſo, that it may be entirely commanded from the ramparts of the 
N 4 wa ca aa 


An 
124. It is proper to make a ravelin before every curtin, as the flanks 


are by theſe means covered from the enemy, and cannot well be ruined 
before he is maſter of the raven; without which, he would have it in his 


power to batter the flanks from the counterſcarp, both from before tne 


curtin and the face of the baſtion ; the latter of theſe being the only 
place he can do it from, when a ravelin is interpoſed, of which he is not 
CES fox Oe | maſter, 
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maſter. But the difficulty of erecting a battery on the head of the glacis 
againſt the face of a baſtion, 1s rather tao great to be undertaken, while 
the place is defended by the whole fire of the adjacent face of the rave, 
lin; and therefore the beſiegers can ſcarcely hurt the flanks before the 
have taken the ravelin ; conſequently ſuch works greatly augmeat the 
defence of a town. 3 | e | 2 
. 125. As the face and foſs of a ravelin is defended by part of the face 
of the oppoſite baſtion ; therefore the faces of the ravelin ſhould be di- 
rected ſomewhat within the angle of the ſhoulder, at leaſt as much as 
the breadth of the parapet and foot-bank of the flank ; beſides, by this 
conſtruction they cover the flanks more effectually, which is one of the 
principal things wanted, as the flanks are of moſt importance, and to be 
preſerved the longeſt, | On ; 
126. In wet ditches, where the troops paſs from the town to the rave- 
Jin in boats, it is proper to make a kind of harbour in the gorge of the 
_ raviJin, where the boats may lie covered from the fire of the enemy; 
and this may be done various ways: One is, by making an excavation 
limited by an arc deſcribed from A (fig. 15), he angle of the counter- 
ſcarp, with a radius of about 20 yards. In dry foſſes, it is proper to 
have either ramps or ſtairs in the gorge of the ravelin, to preſerve a free 
communication, ſhould the bridges be broken by the enemy's ſhot. 
127. In ſome ravelins, (fig. 16) there is conſtructed a kind of redoubt, 
or KEEP, which is a ſmall work ſimilar to the ravelin, with a ditch of 
about 10 or 12 yards wide. The capital may be about 30 or 40 yards; 
and che work covered in the faces by a wall of a foot or two thick, fur- 
niſhed with loop-holes for the muſketry to fire through. 

This ep ſerves to ſecure a retreat for the troops who defend the ra- 
velin, and on this account the defence of the breach in the. ravelin may 
be more obſtinately maintained; and even when the defendants are 
obliged to give way to a ſuperior force, they may retire into the Keep, and 
prevent the enemy from making a lodgment in the outward part of the 
ravelin, or at leaſt greatly obſtruct it; and cannot be driven from this 
place until the enemy has erected a battery, and brought cannon on the 
ravelin to batter the keep. ©: | 
The conſtruction may be otherwiſe made by taking the diſtance pa 

equal to about 29 yards on the gorge of the ravelin, and out of the reſt 
forming the keep with its foſs ; the ſcarp and counterſcarp being drawn 
parallel to the faces of the ravelin, the two fronts of which form a work 
covering the keep, and is uſually called the counterguard. 


4 * 


128. The ravelins, called by ſome authors Half moons, have ſometimes 
their corners at B and c, fig. 14, cut off, either parallel to the capital 
p a, or at right angles to the foſs, making a kind of flank about 12 yards 
long, with its rampart and parapet. This ſerves to give a more direct 
fire along the covered-way, which is meant more particularly to be de- 
fending ; but then it partly lays open the flanks, which the ravelins were 
originally intended to cover. „„ Z 
129. The celebrated General Ciehorn, in the ravelins which he built 
at Bergen- op-Joom, contrived a very good defence for the covered-way 
before the faces of the baſtions, by making retired flanks in the breaſts 
of the ravelin, where one or two cannon might be placed as ſecure from 


8 


| 
| 
{ 
1 
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the enemy's fire, as thoſe behind the orillon of a baſtion. Theſe covered 
cannon in the ravelin ſeem to have been intended for the defence of the 
covered-way on the laſt emergency, as thoſe in the baſtion were for the 
defence of the breach, when the befiegers brought on the ſtorm. But 
the covered cannon in the ravelin ſeem to have this preference ; that as 


| towns are not uſually given up until the enemy is maſter of the covered- 
way, the ſecreted guns in the ravelin have an opportunity of being em. 


ployed in the uſe for which they were placed there; whereas the guns 
covered by the orillons are very rarely of any uſe, as there are few garri- 
ſons which ſtand the ſtorm of the breach in a baſtion. 


130. Gehorn's ravelins may be imitated by the following conſtruction. | 


In the gorge of the ravelin take ab, fig. 17, equal to about 20 yards, 
draw the flank bc at right angles to ab, make bc equal to about 12 or 14 
yards, and draw the cover cd parallel to ab. To the flank bc annex a 
rampart, parapet, embraſures, and ramp ; and to prevent theſe flanks 
being raked from the enemy's batteries, particularly by the ricochet, or 
bounding ſhot, there may be made a traverſe about 10 feet thick acroſs 
the top of the flank at c, with a ſmall mine under it, to blow up the tra- 
verſe when the beſieged are obliged to quit the ravelin, leſt it ſhould ſerve 
to cover the aſſailants from the fire of the town. 

Coeborn has alſo made flanks at the corners d of the ravelin, which may 
be conſtructed by taking an equal to 10 yards, and drawing ne parallel 
to bc, meeting cd in d; then de is the flank required. | 

It ſeems proper, when ſuch ravelins are uſed, that the faces ſhould 


| ſpread on thoſe of the adjoining baſtions 10 or 12 yards farther from the 
angle of the ſhoulder, than in ravelins which have no flanks; and this 


is done at Bergen-op- Zoom, where the faces of the ravelins would fall be- 


tween 20 and 30 yards from the angle of the ſhoulder on the faces of the 
baſtions, | | 


131. Of the Caunterguard. 


A CouxT#ZRGUARD is a work generally ſerving to cover a baſtion: 
it is compoſed of two faces, forming a ſaliant angle before the flanked 


angle of a baſtion. 


; T7 conflrudt it. Plate XVI. Fig. 18. 


Having deſcribed the ravelins, and drawn their foſſes, in the counter- 
ſcarp of the ravelin, take ab equal to about 24 yards, and draw the face 
bc parallel to the counterſcarp of the foſs before the baſtion ; and the 
outline of the counterguard will be determined ; the inner boundary be- 
ing the counterſcarp of the grand foſs. | . 

In chis work put a rampart about 16 or 18 yards broad, with a para- 
pet of ſix yards, and annex the ramps and a barbet if neceſſary: Alſo 


make a foſs of 24 yards in breadth, the counterſcarp being parallel to the 
faces. | | | 


The counterguard ſeems to be, next to the ravelin, one of the moſt 


uſeful outworks ; for it occupies but little ground, is of no great ex- 

pence, covers the faces of the baſtion ſo effectually, that they cannot be 

battered in breach, until the enemy has made himſelf maſter of this work | 
| = 
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and when he has it, he will meet with difficulties enough in find; 

to cover himſelf and erect his batteries; and muſt he be * _—_ 
ſiderable trouble in bringing it from beyond the foſs, while he is ex- 
poſed to the fire of the faces of the neizhbouring ravelins ; which, with 
the flanks of the baſtions, are the defences of the counterguard. | 


42 Of the Tenaillon. 


A TENAILLON is a work compoſed of a ravelin and two detached 
works called lunettes, which partly or wholly cover the faces of the ra- 
velin from an enemy's direct fire. 8 

When the detached works cover only the lower part of the faces of 
the ravelin, they are called /mall lunettes but when they cover the whole 
faces, they are called great lunettes, and this is the work which is here 
meant by the word fenaillon. | 5 WO: 


133. To conſtruct a Tenaillon. | Plate XVI. Fig. 19. 


. Having deſcribed the ravelin and its foſs, the counterſcarp of which is 
77; in the face e / continued, take t v equal to about 60 yards, and on 
the counterſcarp of the grand foſs take 7 s equal to 25 or 50 yards; then 
drawing s v, the figure 15 t is the great lunette; to which a rampart, 
parapet, and ramps are to be annexed againſt its faces f v, and branches 
V, of the ſame kind with thoſe in the ravelin. „ | 
134. A great lunette may be conſiderably ſtrengthened by making 

acroſs its middle, at A, a retrenchment, conliſting of a rampart, parapet, 
and a foſs about ſix or eight yards broad; and ſeven or eight feet deep; 
the parapet being drawn at right angles to the counterſcarp of the ravelin 
againſt the middle of its face; and the ditch of the retrenchment com- 
municating with that of the ravelin. „ 

A fenaillon is a work capable of affording great defence to the beſiegers, 
as was evident at the ſiege of Liſle in 1708, where the beſiegers were 
twice or thrice driven out of a tenaillon they had taken and retaken. 


135. 4 Horn-work, 


A HoRN-woRk is a fortification compoſed of two long ſides, called 
branches, tending toward the town, aud of a front formed by a curtin 
between two half-baſtions. | os Ws 
This work, when uſed, is ſometimes put before a baſtion, but oftener 
againſt a curtin. | | _ | 


I 36. 75 conſtruct a Horn- work before a Curtin. Plate XVI. Fig. 20. 


Ina line drawn from o, the angle of the counterſcarp, at right angles 
to the cuitin, take oc equal to about 250 or 260 yards; through c draw 
AA at right angles to oc, and make Ca, CA, each equal to half oc, fo 


- 


AA is equal to oc. 


Take 
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Take the normal CD equal to 3 of aa, through D draw the lines of 
defence AI; make the faces AB equal to Z AD; transfer the diſtance zz 


from B to I the line of defence, draw the. flanks BI and curtin 11, and 
draw the branches aq toward ſome point in the face of the baſtion, 
about 8 or 10 yards from the angle of the ſhoulder. | | 
Againſt the faces, flanks, curtin, and branches, put a rampart and 
parapet as in the ravelins; make a foſs of 24 yards in breadth before the 
flanked angles A, the Tounterſcarp of the foſs in the front being directed 
toward B, the angle of the ſhoulder, and the reſt drawn parallel to the 
branches. - | 5 


A ſmall ravelin is uſually put before the curtin of a horn-work, for Z 


the ſame uſes as that before the curtin of the town. Make the capital 
CP about 60 yards, draw the faces as in the Jarge ravelins, and make a 
foſs about 15 or 16 yards wide, the counterſcarp of which is parallel to 
the faces of the ravelin, which are to be furniſhed with a rampart and 
parapet. 1 | | 

137. Retrenchments are ſometimes made in the horn-work, as in the 
great lunette, and for the ſame reaſon, namely, to increaſe the difficulties 
of an enemy in a ſiege. : 


| Alſo-a ravelin with its foſs is made before the curtin of the town, in- 


dependent of the horn-work, which it commands. 


zaſ. (Chexe is andrher work, called: a Crewn-work; cha front of which 


conſiſts of a whole baſtion, two half-baſtions, and two curtins, and is 
bounded on the ſides by two long branches directed toward the town, 

This work is like two horn- works connected together, by their branches 
being put fide to fide. | . . | 

 Horn-works and Crown-works have been chiefly uſed to incloſe ſome 
riſing or hollow ground, or a fuburb ; but are now in general diſeſteem, 
on account that their defence is very ſmall in proportion to their coſt, a 

There are ſeveral other works called out-works, which may be found 
in the treatiſes written on Fortification, but are here omitted on account 
of the intended brevity of this work. | 1 


139. Of the Covered-way and Glacis. 


When all the intended outworks are annexed to the plan, and the ſe- 
veral ſoſſes are drawn, communicating one with another, the covered- 
way and glacis are to be drawn parallel to the counterſcarps of the foſſes; 
and a foot · bank is to range quite round the covered- way, at the foot of 
its parapet. The top of this foot-bank ſhould be at leaſt four feet bread, 
that there may be convenient room left for the troops to ſtand on, after 
the. palliſades are planted, a row of them being always to run quite round 
the covered-way. The manner of ſetting them, as recommended by the 

moſt celebrated engineers, and particularly by the great marſhal Vauban, 
vne of the moft experienced men in military works that ever lived, is to 
put the palliſades on the upper foot-bank about a foot diſtant from the 


fogt of the parapet, ſunk in the ground at leaſt three feet, and their top 


on a level with the head or creſt of the glacis. 


Palliſades 


circumſtance by which all works ſhould be partly rated. | ys 
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Palliſades thus placed are not expoſed to the cannon of the beſiegers ; 
the-moſt they can do will be only to bruſh their points ; neither can 
they be eaſily jumped over by the troops commanded to the attack of the 
coyered-way, nor readily cut down; and their diſtance from the parapet 
leaves a ſpace ſufficient for men to go along to repair any diſorder, 


45 


140. 3 Places of Arms, 


PLACES oF ARMS in the covered-way are ſpaces made at the enterin 
and ſaliant angles, conſiderably larger than the ſtreet of the covered- 
way, and formed by turning the head of the glacis into two faces pro- 
jecting toward the country; thoſe at the ſaliant angles are formed by 
the roundings of the counterſcarp; but thoſe at the entering angles are 
thus conſtructed. Plate XVI. fig. 3. = y 

In the head of the glacis take the gorges co, co, from 20 to 30 yards; 
draw the faces o t, of, ſo that the angles zo à be between go and 100 
degrees; and parallel to thoſe faces draw a glacis of about 50 yards. 

The faces of of the entering places of arms ſhould not make angles 
greater than 100 degrees with the branches of the covered-way o a, becauſe 
thoſe branches could not then be defended ſo well by the muſketry, as 
when their ſhot was delivered directly along the glacis, nearly parallel 
to the branches, which can only be done when the defences are nearly 
at right angles to the places defended. | 

Some writers have adviſed to round all the ſaliant angles of the places 

of arms, becauſe thoſe angles could then be deiended by more men: per- 
| haps there might be ſome advantage in notching the faces ſomewhat like 
a redan, as mentioned at Article 69. 5 

141. The great Coehorn was fo conſcious of the advantage of places 

of arms at the entering angles for the defence of the covered-way, that he 
was very particular in their deſcription, and took ſuch care in the con- 
{ſtruction of thoſe at Bergen - op- Zoom, that they very well anſwered his de- 
ſign, as was evident in the famous ſiege of this place in the year 1747. 


Cuehorn's Places of Arms may be thus imitated. 
Plate XVI. fig. 21. where the work is on a larger ſcale, to be plainer. 


Take the gorges a b, a b, about 45 yards, and the faces ô c, bc, about 
30 or 60 yards. At 10 yards diſtance from the faces, draw the fir/? lu- 
nette A, with a ditch before its faces, both together being about ten or 
twelve yards broad, its ends being terminated by the line a 6. Within 
this, at about 10 yards diſtance, draw a ſecond lunette B of about five 
yards broad, its ends ſtretching about half-way the breadth of the co- 
vered-way, Behind the ends of each lunette, at the diſtance of two or 
three yards, put a traverſe of about five yards thick, reaching from the 
counterſcarp about two or three yards farther than the ends of the lu- 
nette. And about the angle of the counterſcarp make a ſkreen of about 
fix yards in each face and gorge; which ſcreen is to be of brick-work 
with loop-holes for the muſketry, to favour the retreat to the defeadants 
when driven from their works in this yell-contrived place of arms. . 07 

| ; 142. 
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142. Of Traverſes in the Covered-way, 


When the beſiegers have puſhed on their approaches ſo far, as to be 
within 30 or 40 yards of the head of the glacis, it will be in their power 
to rake the covered-way from ſome of their batteries; to prevent which, 
and alſo to ſhelter the troops in ſome meaſure from the ricochet or re- 
bounding ſhot, traverſes are thrown acroſs the covered-way, particulaily 


on each fide of every place of arms, and in every branch of the covered- 


yay where the length of that branch exceeds 50 or 60 yards. 


Each traverſe is furniſhed with a foet-bank ; and a row of palliſades 


planted on the foot-bank ; and the paſſage round its end ſhould be fur- 
niſhed with klinkets or doors, to ſhut it up when neceſſary. | 
143. Of Sally-ways. 


In the middle of ſome faces of the entering places of arms a fally-way 
is made, which is a paſſage cut through the parapet, or head of the glacis, 


to facilitate the ſallies of the beſieged. To make fally-ways in the places 


ef arms faliant would be improper ; becauſe as thoſe places are the moſt 
convenient to be firſt attacked, they ſhould not by any means be weakened. 
Theſe paſſages are cut oblique to the faces of the places of arms, and 
wind toward the ſaliant angle in ſuch a manner, as not to be eaſily en- 
filaded or raked; they riſe gradually from the foot of the parapet, until 
they meet the ſlope of the glacis, at the diſtance of ſeven or eight yards 
from its head, The roads to the town commonly paſs through theſe 


ſally-ways; every one of which would be furniſhed with a good barrier, 


to ſhut up againſt ſufprizes and ſudden attacks. 


144. Of Communication. | 
Every detached work in a fortification ſhould have a ready and free 


communication preſerved, otherwiſe they might be diſadvantageous to the 


place. : f 5 | 
Communications are preſerved in various other ways than by bridges, 
which are liable to be deſtroyed by the enemy's cannon. In dry foſſes it 
1s thus : 


From the town to the tenail, by a ſubterraneous way under the rampart 


in the middle of the curtin into the foſs, and riſing thence by ramps or 
ſtairs into the tenail : from the tenail by a ſubterraneous way into the 
caponier, and thence to the ravelin, either by ramps, ſtairs, or a timber 
ſtage : from the ravelin to the works beyond, the communication is kept 
in like manner; or ſometimes a way is ſunk acroſs a ditch, and covered 

with a parapet next the enemy; and the way from the foſs to the places 
of arms is alſo by ſtairs, or by a timber ſtage. 


Over wet ditches the troops are conveyed by boats, or rafts, or by 


little bridges about three feet wide lying nearly level with the water's 
edge; but the latter are inconvenient in the night, and much more fo 
when the defendants are obliged to quit the work precipitately. 
In the gorges of ravelins and other outworks, a ſpace or paſſage five 
or fix feet wide is left between the counterſcarp and the end of the ram- 
part, which ſerves for the communication between that work and the c- 
vered-Way. | | 
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When wet foſſes are to be repreſented in plans, it is done by givin 
them a tint with diſtilled verdigriſe along the borders of their {carps 7 
counterſcarps; but in printed plans it is expreſſed as in the ditth of the 
ravelin at fig. 15; and dry ditches are ſhewn in coloured plans by waſh. 
ing the ſaid borders with a tint of brown biſter ; but in prints dry foſſes 
are expreſſed as in the ditch of the ravelin at fig. 14: And a cuvet is re- 
preſented by a double line drawn along the middle of the foſs, as againſt 
the front BB of the polygon. | 


145. 5 Of Worts beyond the Glacis. 


Sometimes, when earth is wanting to raiſe the ſeveral works to their 
proper height, or when the defence is to be increaſed, a foſs about 20 or 
25 yards broad is ſunk at the foot of the glacis, encompaſſing either the 
whole or ſome convenient part of it. But then it is proper that the glacis 
ſhould ſlope quite to the bottom of this foſs, if it is a dry one, or a wet 
one which can be drained; for otherwiſe, when the enemy comes to be 


poſſeſſed of it, he would find a trench ready dug to ſkreen him from the 


fire of the covered- way, and other places, 

To this advanced foſs is uſudlly annexed, when it can be, a covered- 
way and glacis; and there are not wanting fortifications, which have 
three covered-ways and glaciſes one before the other. 

146. Before ſome of the ſaliant angles of the glacis there are ſome 
times conſtructed a kind of work, called a lunette, or by ſome an arrow, 
It conſiſts only of a parapet and foot-bank forming two faces, making 
a ſaliant angle, the legs of which are parallel to the head of the glacis, 
through the ridge of which runs a narrow pallage to the lunette. 

147. Sometimes works called redoubis are conſtructed before the ſa- 
liant angles; ſome of theſe works have foſſes, covered-way, and glacis ; 
others are made to depend on their own defence; but to all theſe de- 
tached works a proper communication muſt be preſerved with the co- 
vered-way, and in ſuch a manner as not eaſily to be cut off. When this 
paſſage is two or three times as long as the glacis is broad, the paſſage 


ſhould have one or more traverſes acroſs it, to prevent. its being raked; 


alſo, on either ſide, it ſhould be covered by a parapet and ſmall glacis. 


148. Of Profiles. . 


The PROFILE of a work is a figure exprefling the ſeveral heights, 


depths, and breadths of that work. „„ | 

The profiles of works are regulated according to their uſe, and alſo ac- 
cording to the quality of the materials with which thoſe works are to be 
made. © 
Thus the ramparts of the town are ever thicker than thoſe of out- 
works; the breadth of the parapet only remains nearly the ſame in moſt 
works: beſides, a rampart made of good firm earth need not be ſo thick 
as one made of looſe and ſandy materials; from 20 to 24 yards will do 
in the former caſe ; but leſs than 25 or 30 yards will not ſuffice with 
Poor earth, | | n 
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Profiles are alſo regulated with regard to the expence intended to be 
beſtowed on the works; that is, according to the outſide coating or wall- 
ing of the rampart and parapet, namely, whether it be done with earth or 
intire maſonry, or half one and half the other. eee 

149. When a work of earth is raiſed, and the ſurface is covered or 
Plaiftered with a tenatious ſubſtance made of well-tempered earth or loam; 


this coating or plaiſtering is called p/accage or cruſting. 


And when the ſurface is covered with graſs turf, or, as it is moſt com- 
mon, with clods of fat mould cut in the form of wedges, and called ga- 


zons or fods, this kind of coating is called gazonage or ſodding. . 
1 50. When the whole front of a work, from the bottom of the foſs 


to the crown of the parapet, is covered or fronted with a wall of ſtone or 
brick, this kind of work is called entire maſonry, © | 


2 


151. When the front of the rampart, from the bottom of the foſs to 


the horizontal line, or ground level, or a little higher, is fronted with a 


wall of brick or ſtone, and the remaining part of the front is coated with 


earth, the work is called half maſonry. 
Conſtruction r Profiles, 
. 


152: When the works are coated with earth. Plate XVI. fig. 22. 
Let AHLQ repreſent the horizontal, or ground line, taken through the 


face of a baſtion, and acroſs the foſs, and through the covered-way and 


glacis: in this line take the following meaſures; namely, 


AR=3 or 4 yards; R c=10 yards: c 4 feet; deri feet; eg= 


18 or 20 feet: g a=12 or 14 feet; a H=9 ſeet; H IR 12 feet; I m= 

breadth of the fois; mx L=12 fect; LM=5 yards; Mp=77 feet; Pp q= 

50 yards, | : 5 | VV 
Through the points R, c, 4, e, g, 1, m, M, B, draw lines perpendiculat 


In theſe lines take R B 3 or 4 yards; cC=RB+2 feet; d E=c 41 | 
feet; e F=Sd E+ 4+ feet; g G=c F—23 feet; [1=18 feet; m K=18 


feet; M9=2 feet; p Ps feet, | 
Draw the lines AR, BC, EF, FG, G 2, HI, kL, Lo, PQ. Then draw 


ED parallel to AH, and equal to 3 feet, and draw De; allo diſpoſe of the. 


ſpace between o and p, in like manner as between c and p. ; 

Then will tae ſeveral parts of the profile be completed, and repre- 
ſented ; namely, BA the inner, and G @ the outſide, ſlopes of the ram- 
part, to which Bc is the walk; FE the inſide, and FG the crown of the 
parapet; CD the ſlope, and DE the top of the foot-bank ; a E the berm 
or foreland; Hi the {carp ; KL the counterſcarp, and 1K the bottom of the 


_ ditch; L the covered-way; o the ſlope, and No the top, of the 


foot-bank ; or the inſide of the parapet, and PO the flope of the glacis. 
The palliſades 4 are put on the top No of the foot- bank. | 
153. In ramparts coated with earth it is uſual to ſet a row of palliſades 

in the front of the rampart, as at h, about five or ſix feet below the crown 

of the parapet. Theſe are not planted upright, but nearly horizontal, 


the point dripping a little below the level; and this work, which is called 


fraifing A1 ſtaccage, is done to prevent ſurprizes by ſcaling, and alſo ts 
inder deſertions. | CE | 


| 154. In | 
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154. In moſt ramparts coated with earth, whether of the town or out 


works, it is uſual to plant on the berm, either a row of upright palliſades, 
as at 7, or a quick-ſet hedge of thorn, which ſhould be kept conſtantly 
cut, to make it grow thick: either of theſe methods ſerves to cover the 
troops in going their rounds, Sometimes both palliſades and hedge are 
uſed, the hedge ſtanding foremoſt, | Ss — 
The faliant angles of all earth-works ſhould be rounded off; otherwiſe 


the weather would ſoon deſtroy the angular edges, and make them look . 


worſe than the other parts, 

155. When the coating of the work is entire maſonry. Fig. 23. 

Having determined all the parts through the rampart to the line 6 g. 
as at Art. 1523 in G take GIz3 or 4 feet, for the upright face of the 
parapet; on I, with the radius of one foot, deſcribe a femicircle repre- 
{enting the cordon, which is a large ſemicircular moulding that ranges 
along the whole front; take gr equal to 18 feet, and draw r cs t parallel 
to the ground line, and this repreſents the bottom of the foſs. Take rc 


and its parallel 1 a, each equal to 5 feet; draw the ſcarp 1c,.and draw ab 


parallel to G g, which continue to about 6 feet below r c, and this 1 ne 
repreſents the back of the wall; through b draw a line Amn parallel to 
the ground line, and this repreſents the bottom line of the foundations, 
which is uſually about 6 feet below the bottoms of the foſſes; though in 
ſome caſes it muſt be more; and let the foundation line bd project about 
2 feet before the fearp line ic. Draw a line about 3 feet behind the front 
line of the parapet G 1, parallel to it, which will repreſent the thickneſs 
of the front wall of the parapet; to which muſt be annexed, at 6, a 
little projection, of about 6 inches in ſally and height, to expreſs the 
coving i 

completed. 
156. From the directions already given, it will be eaſy to conceive 
how to regulate the profiles of out- works, whether they are to be fronted 
with turf or maſonry ; and according to Art. 155, where the other pro- 
files of the maſonry annexed in the figures 24 and 25; that of 24 being 
a tenail before the curtin, of which no more than the parapet riſes above 
the ground level; and conſequently the walls to ſupport this work need 
not be ſo thick as thofe are, which ſuſtain the lateral thruſt of higher 
banks ; and for the ſame reaſon, the counterſcarp walls are of a leſs 
ſtrength. In the ravelin, fig. 25, the front is half maſonry, or the wall- 
ing is Carried up to the ground level, and the front of the rampart and 


« 


parapet is ſuppoſed to be coated with earth; but the walling in this caſe | 
ſhould project about 2 or 3 feet below the foot of the rampart, in order 


to preſerve a proper berm. 


157. The walks of all ramparts, and alſo the covered- way, ſhould | 


| flope backward, in order to carry off the rain; this ſloping may be about 
half an inch, or an inch in a foot. | EE; 
158. The ſcarping uſually given to earth facings is about 8 inches 
on 12, or the baſe of the ſlope is 5 of the height; and the ſcarpings ge- 
nerally allowed to fronts of maſonry is about 4 or 7 of its height; and 
with regard to the thickneſs of the walls, Mr. Vauban uſually allowed 


about 5 feet at top, and gradually 2 toward the bottom by their 


Vor. II. ſcarping 


tone; and the outlines of the profile of the rampart will de 
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ſcarping of 1 foot in 5 of height; and this profile he has experimented 
in the works of 150 towns, where he has directed the building of more 


than 4000000 of cubic yards of walling. But in order to add a greater 
ſtrength to his walls he places buttreſſes, built of rough ſtone, at diſtances 


of 18 feet from one another on the inſide. Theſe buttreſſes are in length 


about the thickneſs of the wall at the bottom, and their breadth. on a 


mean, about half their length; and they are carried up as high as the cor. 
don, which greatly contributed to take off the thruſt-of the bank againſt 


the wall. - | 

159. At the flanked angles of baſtions, and other works, the parapet 
ſhould riſe about a foot or two higher for about 12 or 14 yards on eithe? 
fide the angle, than along the reſt of the faces, and the ſame ſhould be 
obſerved for about 4 or 5 yards on each fide of the more expoſed ſaliant 
angles of the covered-way : for by theſe means, the troops ranged along 
thoſe faces will be ſomewhat better defended from the ricochet, or bound- 
ing ſhot. 


160. Of Irregular Fortifications. 
When a town or other place is to be fortified, it generally happens 


that the polygon which beſt circumſcribes its plan will be very irregular, 
and conſequently the fortifying of that polygon will not fall under the 
rules already given for regular fortification : it is therefore proper to point 
out to 2 learner how he may proceed on ſuch occaſions. 5 
161. Let the plan of the place be circumſcribed, if poſſible, by a po- 
lygon, the angles of which are all ſaliant, none leſs than 60 degrees, nor 
much greater than 120; and none of the ſides leſs than 200 yards, nor 
greater than 350. ' his polygon, which is to be the interior one, ſhould 
have its ſides not leſs diftant from the houſes than 50 yards; and the ſor- 
tification is to be made from the interior. ſide, 
Through every angle of the polygon draw a line biſeQing it; and on 
theſe lines, continued without the polygon, lay from the angular points 
the capitals, (in the Table, Art. 86) of thoſe polygons, the angles of which 
are neareſt to the angles in the given irregular polygon, Alſo on each 
ſide of the capital, from the ſaid angles, lay the demigorges, correſpond- 
ing to the capitals uſed on the ſides of the polygon. | 
Then the lines of defence being drawn, and the correſponding faces 
aid on them, the maſter-line of the fortification to the given irregular 
polygon may be readily completed (as in Art. 91); to which the rampart, 
foſs, and proper out-works, may be annexed, as before ſhewn. | 
162. In circumſcribing the given place with a polygon proper to it, if it 
ſhould fo happen, that the ſides, when drawn at the diftance of 50 yards 
from the houſes, make a polygon very different from that above directed; 
then muſt the poſitions and lengths of all thoſe lines, or of ſome of them, 
be changed, and various ways tried, when the ſituation will admit of 
thoſe various trials, until one is hit upon which will ſuit the place and 
come near the foreſaid limits, which may be done by encloſing a larger 
race, and permitting the ſides of the polygon to run farther from the 
houſes in ſome places than 56 yards. And although by theſe means the 
fortification will be more extended, and thereby occaſion a greater ex- 
pence both in building and defending ; yet as by its nearer approach to 


regularity, it will be ſtronger in itſelf, and mexe effectually anſwer the end 
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of fortifying, the latter conſiderations may, on ſome accounts, be pre- 
ferred to the former. OR | 


163. It ſhould be obſerved, that regularity is not confined ſtrictly to 


ſuch polygons only as can be circumſcribed by a cirele, or nearly ſo; for - 


a polygon inſcribed inan oval kind of figure will have a great regularity 
and may be made almoſt equally ſtrong, by putting the ſtronger kind of 
out-works at the narrow ends. For as theſe ends, on account of their 
ſmall breadth in; proportion to the longer ſides, cannot flank the ap- 
proaches of an enemy ſo well as the longer ſides, and as the enemy is not 
under a neceſſity of extending his Works ſo much; conſequently the 
ſmaller ends may be more advantageouſly attacked, and therefore ſhould 
have their out-works ſtronger. : | | 

164. If the ſituation is ſuch, that one or more of the ſides of the cir- 


cumſcribing polygon cannot by any eaſy means be made leſs than 400 


yards or more; then ſuch ſides ſhould be divided into parts of ſome num- 
ber of yards, between 200 and 350, as many as its length will admit of, 
which may then be conſidered as compoſed of ſo many polygonal ſides. 
At every diviſion, make ſuch a baſtion as the limits will admit, taking 
care that the faces of each are commanded by the adjacent flanks of the 
next baſtions. 5 e | 

165. When any of the angles become too acute to make in that place 
a whole baſtion, the angle may be diminiſhed only on one ſide, making 
there a half baftion, and let the other fide. be either left as one line, or 
make two or three ſmall flanks in it, in the nature of a redan (71); ob- 
ſerving that the whole front is commanded by the flank of the next baſ- 
tion. Or ſhould the angle be too ſmall even for a half-baſtion, then both 


ſides may be fortified in the manner of redans, and commanded from the 


flanks of the next baſtions; but, in the caſe of theſe acute angles, the 
angular point ſhould be made very ſolid, and the ſides about ſuch angle 
{horter than the others. | Ws = 

166. Should the polygon have one or more entering angles, which can- 
not be avoided; when that angle is near go degrees, and the adjacent 
ſides do not each exceed 250 yards, thoſe ſides, with the aſſiſtance of the 
flanks of the next baſtions, will very well defend one another, and alſo 
the entering angle: but ſhould the angle exceed 120 degrees, then put 


againſt that angle a work like a baſtion, if it can be; or if there is not 


room for the projection of the flanked angle, make but one face, obſerv- 


ing that it be raked from one of the adjacent flanks. 
167. A town that has been fortified in the ancient manner, and has 


already a good rampart and foſs, may be put into a good ſtate of defence 


againſt the modern methods of attack, by adding vutworks ſo diſpoſed as 
to cover the town wall, be mutually defended by one another, and com- 
manded from the ramparts of the town. Such a place, with .the out- 


works judiciouſly diſpoſed, may hold out as many days! as a place formed 
on a regular plan, which has been evinced from the good defence made 
dy ſeveral towns fortified: in this manner. | | 


168. There is a multitude of other things that might be ſaid on the 


buſineſs '6f irregular fortification, which, on account of the deſigned bre- 


vity of this tract, muſt be omitted; but after all, the beſt notions are ac- 


quired in theſe matters from ſtudying the plans of the fortified towns in 


ſeveral parts of the world, Collections of theſe plans may be met with 
a Mi PART 
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Of the kinds and. properties of  Harbours: 


- 169, A HAx OUR or Pox r is an opening or inlet into the land, 
Into which. the ſea runs with a depth of water ſufficient to float ſhips, and 


where ſuch veſſels may lie ſecure from tempeſts and the ſea. 
As harbours may be of very different forms, ſo there may be a multi. 


tude of ways propoſed for their defence ; but here the buſineſs will be 


confined to a few of the more common ſituations, 7 f 
Harbours in general may be diſtinguiſhed into two kinds, namely, ar- 


tificial and natural. | 


170. Artificial harbours are ſuch ivlets of. the coaſt, as are rendered 


fafe for ſhipping to ride there, by building about its entrance certain 


works called MoLEs or PiERs, which defend the ſhips within from the 
furges of the ſea without. When the Roles or piers can be brought ſo cloſe, 


as to be ſhut up by /luices or gates, the harbour is then called a BAsox; 


but the inner part of a harbour, where the ſhips ride jn till water, is 


uſually called the baſon. | 


All artificial ports of theſe kinds are eaſily fortified by building on the 
moles or plers, batteries, redoubts, or forts, which command the entrance 


| Into the harbour; but as theſe works are uſually done at the time when 


the moles are made, there need be no more ſaid of them in this work, 

171. Natural harbours are thoſe where the natural figure of the land 
forming them is ſuch as contributes to the ſafety of the ſhipping, by 
ſheltering the veſſels from the fury of the ſea; and this happens in 
various manners, as by a ſhoal lying off the harbour's entrance, which 
breaks the waves, and keeps the water ſtill within; or by the points of 
land which form the harbour's mouth, ftretching themſelves ſo far into 
the ſea, and coming ſo near one another, that the ſurges are broken at 


their entrance; or by a narrow inlet that runs into the land for a conſi- 


derable way, where the ſhores near the entrance receive the ſhock of the 
waves, and render the upper parts ſmooth enough to anchor in, of which 
kind ara navigable rivers ; or by a large deep bay, where iſlands, or other 
obſtructions, contribute to render a part ſeeure for the riding of ſhips at 
anchor, Ic. &c. oy e grb 5 
172. The properties of a good harbour are, a ſufficient depth of water 


for large ſhips to enter at any time, whether the tide be in or out; good 


offing, and an eaſy acceſs out of all danger from the winds; free en- 


trance, without rock or ſand- bank ; the entrance not too wide to be ealily 


barred and defended upon occaſion ; not ſubjett to overflow, and where 
ſhips may lay cloſe to the keys; where the veſſels are. ſheltered from all 
7 which 
there is an extended view of the ſea; la 


no danger of being ſet on fare, bombarded or cannonaded from ſea by the 
ſhips of an enemy, A ads os *4 
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the ſea, and are ſafe to ride in only when the weather is calm, or when 
particular winds blow; ſuch anchoring places are called roads. 


Crim M 
Of the fortifying of Riads aud Harbours. 


174. FIRST.SORT. ben a town lies open to the ſea upon a curved or 
flraight bold ſhore, and has before it a ſufficient depth of water and good an- 
chorage, within gun-ſhot of the ſhore, As ſuch places can afford ſhelter for 
ſhipping only at certain times of the year, witen they are generally ſure 
to have calm weather, or gentle gales, in which veſſels may ſafely ride at 
anchor, they cannot fo well be ſecured from the attack of an enemy, as 
places more incloſed. However, the ſhipping lying there during the 
ſeaſon of trade, may be well defended by forts built near the water's edge 
on each {ide of the anchoring place; ſuch forts being ſo contrived as to 
have two or three batteries, one higher than the other, furniſhed with 


many cannon, carrying ſhot from 24 to 48 pounds, will awe the ſhips of 


an enemy in general from undertaking any thing againſt the veſſels that 
are lying in that road.- 3 . 1 | 

175. But in order to defend the town itſelf,” there ſhould be a rampart 
or wall, well flanked, built along the ſhore, bende the fortifications on 
the land ſide, The works along the ſhore ſhould be carried ſo near to 
the water's edge, that were any troops to laid under the cannon of a 
fleet, they might not find any ground to entrench themſelves on. 

176, Forts built on a bold ſhore, te which ſhips of war can come 
within muſket ſhot, are in' general liable to be eaſily taken, unleſs ſome 
precautions are uſed. For as the batteries on ſhore are ſeldom raiſed 
much above the water's level, in order to be more certain of their mark ; 
the troops poſted at the guns are liable to be commanded by the marines 
quartered in the round-tops, and other elevated parts of the ſhips. Hows 
ever, this may be prevented, either by driving ſeveral rows of piles 
(which are long pieces of timber, or the bodies of trees, pointed, and 
ſhod with iron at one end when neceſſary) in the water before the fort; 
or by fixing along the battery a kind of /hed made with planks of muſket- 
proof, and covered with raw hides or earth, that they may not be ſet on 
fire by combullibles thrown from the ſhips. Theſe ſheds are conve- 
nient not only to preſerve the troops poſted at the guns from mulſkete 
ſhot, during the time of an attack; but they would alſo preſerve the 
cannon and carriages from the weather at all times; for the expence of 


a few rough planks, uſed now and then to repair ſuch ſheds, added to the 
firſt coſt, might, perhaps, in a length of time, be found of leſs expence 
than the gun-carriages they would preſerve; and ſhould it turn out 
otherwiſe, the framing and planks might be prepared in time of peace, 


and ſet up only when there are apprehenſions of an attack but care 
ſhould be taken to fix them fo, as to be leaft expoſed to the cannon from 


the ſhips. In ſuch ſheds, as they would be open behind, the ſmoke 
would be ſoon diſſipateo, and might be ſooner thrown off by making 


CES + - holes 
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173. There are many places in which ſhips anchor, that lie open to 
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holes in the ſhed-over every gun; which holes may be covered by a ſhort 


plank raiſed before tbem. 30 | 
177. SECOND SORT. I hen a harbour, being a bay, has a ſhoal or ſmall 


oe lying before its entrance: Such a place is fortified by building a 


rong fort on the iſland, in a place where it can command the entrance 

on both ſides, when the ſize of this ifland is net too large for this pur. 
poſe ; but when the mouth of the harbour, and the extent of the iſland 
1s too large for one fort on the iſland to guard the entrance, then two or 
more forts ſhould be raiſed in the moſt commodious places that command 
the avenues to the bay. | 

178. Beſide the forts raiſed on ſuch an iſland or ſhoal before a har. 
bour's entrance, there ſhould be others raiſed on the moſt convenient 
points of land forming the mouth of the bay ; which will make the de- 
fence of the paſſage more ſecure, ſhould the ſhips of an enemy pats the 
advanced defences. £ "ia 

179. When forts are thus built, it is not enough to contrive them in 
ſuch a manner, that their batteries may annoy the ſhipping which attempt 
a forcible paſſage ; but they ſhould be alſo carefully fortified to reſiſt at- 
tempts from an enemy aſhore ; for ſhould this be neglected, a body of 
marines, or ſeamen, landing on the iſland or place where the battery or 
fort is, would fruſtrate the intention of ſuch fortifications or, defences, of 
which there are many inſtances to be met wit:! in hiftcry. 5 

180. As there may be ſcveral ſpots or points proper to erect the de. 
fences on, and which may command the entrance of the harbour in ihe 
manner deſcribed above, it is of importance to know which will have 
| moſt advantages and feweſt diſadvantages ; for both circumſtances are 
to be brought into the account, and that choſen which has moſt of the 
former and feweſt of the latter. Thus the ſoil ſhould be the firmeſt 
and moſt capable to bear the cannon and building to be erected. The 

ground of a height ſufficient to be out of the reach of tides and floods, 

and not much higher than is barely neceſſary to avoid thoſe inconve- 


niences ; for the cannon commands beſt when near the water's level, 


The place ſhould be difficult for an enemy to land in its neighbourkoud ; 
and if landed, where they may be moſt incommoded in their march to 


the fort—where ſuccours may eaſily approach—where the troop on duty 


may without much trouble obtain the neceflaries of life—and where there 
are the feweſt noxious exhalations. 2 | "jg 
When the moſt convenient place for a fort or battery is choſen, tlie 
next thing to conſider is, whether the work is to be temporary oi perpe- 
tua] ; that is, whether the work is to ſerve only for a preſent emergency, 
or to be kept in repair under a probability of its being frequently at- 
tacked; and whether the work be temporary or perpetual, it is neceſſary 


that it be'ſuited to the materials at hand, or that can be procured with the 
leaſt trouble and expence. | 


181. It may frequently happen, that in ſuch ſituations the paſſige 


between the iſland and main is rather too wide for cannon to com- 
mand acroſs ; therefore, if the place is of ſufficient importance, there 
may be many ways contrived to remedy this defect, when it is poffible 
to be avoided. The beft are thoſe which oblige ſhipping to keep in 
one tract or channel; and when this can be accompliſhed, either by 
ſinking old ſaipping, running out moles, or contriving to form ſand- 


banks 
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banks or ſhoals, or by any other means that the ſituation of the place 


can furniſh ; forts alſo or batteries may be advanced fo far into the water, 


as to command that channel; or if the paflage cannot be reduced to leſs 


. two channels, then a fort ſhould be erected, if poſſible, between 
them. 


the foundations are laid ſufficiently firm to ſupport the ſuperſtructure ; 
and as theſe places are generally low, either in mar{hy or ſandy ſituations, 
a great number of piles ſhould be driven into the ſoil, to the depth of x0, 


20, 30, or more feet, according as they drive with more or leſs difficulty. 


If a quantity of ſuch piles be driven, at the diſtance of 12 or 18 inches 
from one another, over the place intended for the foundation, and the 
tops of them be cut level ſome feet below the ſurface, a floor of timber 
may be laid over the tops of the piles, and the building raiſed on it. 

i83. THIX D SorT. Fhen the barbour is in a bay, and the points which 


| form the entrance ſtretch into the ſea, an approach one aricther within cannon- 


ſhit : Such a harbour is fortified by building on both ſides of its entrance 
one or more forts; and if it is poiſible, let a fort be alſo built within the 
harbour's mouth, in ſuch a manner, that its cannon can rake the ſhip- 
ping fore and aft as they come in; for this would be a good reſerve, 


ſhould an enemy's fleet force their way between the forts which com- 


mand the entrance. If there is no proper ſpot for ſuch a fort, let others 


de erected on the moſt convenient points, that command the turning to 


the right and left within the mouth of the bay ; for by theſe means an 
enemy will be obliged to endure a kind of running fire, which, if the 
forts be well conſtructed, he will ſcarcely be able to ſuſtain. 5 

184. FouxrH SorT. hen a barbour is formed by a cluſter of iſſands: 
Such a harbour is not difficult to fortify, when the channel between the 


iſlands is not too wide for the command of cannon from one or both 


ſhores, the directions how to place the forts in the foregcing caſes being 
cqually applicable to this. And in piaces where the channel is more 


than cannot-ſhot from either ſhore, the ſkipping that can ride there 


muſt depend upon the batteries aſhore, as in the firſt caſe, when the ſhore 
1s bold enough for the ſhips to run under the cannon, 

185. FirTHy SoRT. hen the harbour lies in an inlet or river fome miles 
above its mouth : If the paſſage to the port lies ftraight, and can be com- 
manded from ſide to ſide, a fort built at each point of the entrance, and 
two others between them and the harbour, but not oppoſite to one an- 
other, unleſs the width of the channel requires it, will, in moſt caſes, be a 
proper ſecurity ſor the ſhipping in ſuch a harbour. And when the chan- 
nel or river is winding, the forts ſhould be built where they can command 
a reach at leaſt ; or be fo placed at the bends, as to command two ad- 
jacent reaches; for as veſſels muſt tack near the forts fo placed, they will 
at thoſe times be more under the command of the batteries, than they 
would be when failing by them on a direct courle. | 

lit the directions for placing forts in this, and the other caſes, there 


has been no mention of the figure, in which it would be moiſt proper to 


conſtruct them ; for the engineer, who has the charge of ſuch works, 
generally does, or ſhould take care to adapt the figure to the ſpot z but 
tor the fake of the mariner, it was judged proper to point out the inethods 
uſually taken on ſuch occaſions. | 


182. In the building of theſe works great care ſhould be taken, that 
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186. Sk Of the Figure and Sixe of Forts. | 


| Beſide the forts deſcribed as redoubts (Art. 68, 70), there are many 


others, ſuch as ſquares, pentagons, hexagons, or the halves of theſe 
figures, which are fortified with entire baſtions, by neaily the ſame kinds 
of conſtructions as are the polygons in the table, Art. 89 ; only the mea- 
ſures of the exterior fede, normal, and face, are much leſs than thoſe for 2 
town, and uſually near the following numbers: | 
Make the fide or front about 180 yards; the normal one-ſeventh, or 
one-fixth of the fide ; and the face about twice the normal, or a little leſs; 
with a ditch, if neceſſary, about 20 yards broad; a rampart broad enough 
for a platform, and a parapet about 12 feet thick. 


T he exterior ſides of forts may be conſiderably lefs or greater than 


180 yards, even between the limits of 60 yards to 200, according to the 


ſize of the ſpot on which it is to be built, and the importance of the 


place it is to defend; for it would be a great abſurdity to build 2 large 
. expenſive fort to ſecure a harbour or port of little more uſe than as a 
ſhelter to a few fiſhing-boats ; or, on the contrary, to build a ſmall trifling 
work to guard a haven, where many ſhips of the utmoſt importance are 
laid up, or riding at anchor. | | 


It is not always neceſſary, or even convenient, to make theſe forts on 


figures perfectly regular; for the ſituation may require ſome of its ſides 
to be ſhorter than others: neither is it neceſſary that the figures ſhould 


be fortified with baſtions, or half-baſtions, at the angles; for there are 


many caſes, in which it will anſwer the purpoſe equally well, or even 
better, to make a baſtion on the ſide of a figure toward the middle; but 
then the faces of the baſtion ſhould be ſo drawn, that they may be raked 
from the extremities of that ſide, by a defence of at leaſt io or 12 yards, 
In many caſes there needs no other than a direct defence from one, two, 
or three contiguous batteries, making one, two, or three ſides of the 
figure given to the fort, ſuitable to the ſhore, : | 


187. : Of proper Forts, and their Diſpoſition, 

If the place on which the fort is to be built is a ſpot ſurrounded with 
water, forming a channel on both ſides, the figure is to be diſpoſed ſo as 
to have one or two of its fronts turned toward each channel. by which 
means the batteries in the flanks will ſcour both up and down the ſtream, 
while thoſe in the faces and curtins command the paſſage directly before 
them.” That part to ſeaward may either have a front extended along it, 
or have one of the points of the figure directed that way, according as it 
may be judged moſt convenient; and if before theſe fronts there is any 
place at which an.enemy can land, then one or more batteries ſhould be 
ſo formed, that their guns may be brought to bear on that landing place; 


and if this be thought not ſufficient, a ſmall outwork ſhould be built near 


that place, to make the landing more dangerous; and on account of the 
convenience of landing, the fort ſhould be furniſhed with a ditch, 
covered way, and glacis : the part next the harbour will be ſufficiently 
ſecured by a line thrown up properly flanked. Should the ſituation be 

on a rock, where there is no danger of an enemy's landing, a good line, 

- Capable 8 the troops and cannon, will ſuffice, F there 1 
| | a chan: 
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« channel on one fide fit for ſhipping to paſs through, that ſide ſhould be for- 
tified as in the former caſe ; and left the enemy's boats ſhould get through 
on the other ſide, it ſhould be alſo put in a ſtate of defence: but here a 
flight redan, furniſhed with a few pieces of ſmall cannon, may be found 
a ſufficient defence againſt the boats. k 1 1 

188. When a fort is built on a point of the main, the kind of diſpoſi- 
tion uſed in the foregoing caſe, next to the channel, will alſo obtain in 
this: but it is neceſſary to take proper care of the land ſide, which in this 
caſe is more liable to be attacked than in the former. In the fortifying 
of the land ſide, the works ſhould be proportioned to the ſtrength of the 
enemy that may probably appear before it. For there are many places 
vVhere there is no likelihood of ever ſeeing an enemy with a ſtronger force 
than can be exerted by a fleet of three or four ſhips of war; and. as theſe 
cannot be furniſhed ſufficiently for undertaking a regular land- ſiege, a 
well-flanked line, with a ditch, if properly defended, will ſecure the 
place againſt the attacks of ſailors or marines unprovided with artillery: 
or ſhould a few pieces be brought againft the place, their paſſage to it 


will be very dangerous, unleſs they can be brought near enough to a& 


under cover; and to leave ſuch a cover, would be an unpardonable over- 
ſight in thoſe who had the care of conſtructing that fort. But when the 
importance of a place may bring before it a large fleet, and a land army 
properly appointed, then the fortifications on the land fide ſhould be put 
in a ſtate capable of ſuſtaining a vigorous ſiege. | | 
There are many low points on which. batteries may be raiſed for the 
defence of a channel, over which a lofty ſhip may have a conſiderable 
command: in ſuch ports, proper traverſes ſhould be placed, that the line 
of the battery be not raked by the ſhip's guns. , | 
189. In the conſtructions of all forts it ſhould be remembered, that a 
figure of the feweſt ſides and baſtions that can probably anſwer the ꝓro- 
poſed defence, is ever to be preferred, as the works on ſuch plans are 


ſooner executed, and with leſs expence beſides, fewer troops will ſerve, 


and they are more readily brought together in caſes of neceſſity. And 
with regard to the executive part of ſuch works, enough has been al- 
ready ſaid, only let it be obſerved that where ſtone and brick are ſcarce, 
and there is plenty of wood, then timber works are to be moſt uſed; and, 
on the contrary, ſtone or brick earth being plenty, and wood ſcarce, 
maſonry is to be preferred: and let care be taken never to uſe ſea-water 


in the lime, nor to make the parapet gptirely of ſtone ; for the ſplinters 


driven about by the enemy's cannon, will make it dangerous for the de- 
fendants to continue on their poſts, 


* 
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190. Of fortifying Harbours by Booms. 


Notwithſtanding the forts built for the ſecurity of a harbour, or paſ- 
fage, there are many inſtances that might be produced to ſhew that fach 


forts alone are not ſufficient. The great Sir Walter Ralcigh ſays, In 
« this age, a valiant and judicious man of war will not fear to pats by the 
« beſt appointed fort of Europe, with the help of a good tide and a 
“ leading gale of wind; no, though forty pieces of great artillery open 
& their mouths againſt him, and threaten to tear him in pieces. 


« In the beginning of Queen Elizabeth's reign, when Denmark and | 
ec Sweden were at War, our Eaſtland fleet, bound for Liefland, was fer- 


« hidden by the king of Denmark to trade with the ſubjects of his ene- 
« mies, and he threatened to fink their ſhips if they came through the 
© ſtreights of Elſineur. Notwithſtanding this, our merchants, having 
< 4 ſhip of her majeſty's, called the Minion, to defend them, made the 
« adventure, and ſuſtaining ſome vollies of ſhot, kept on their cowfe, 
« The king made all the proviſion he could to ftop them on their re- 
turn. But the Minion, commanded (as I taxe it) by William Bur- 
4 rough, leading the way, did not only paſs with little loſs, but did beat 
& down with artillery a great part of the fort of Elſineur, which at that 
time was not ſo well rampar'd, as perhaps now it is; and the fleet of 
« merchants that followed him, went through without any wound re- 
« ceived. Neither was it long ſince, that the duke of Parma, beſieging 
« Antwerp, and finding no poſſibility to maſter it otherwiſe than b 
„ famine, laid his cannon on the bank of the river ſo well to purpoſe, 
that he thought it impoſſible for the leaſt boat to paſs by. Yet the 
& Hollanders and Zealanders, not blown up by any wind of glory, but 


poor men attending their profit, when all things were extreme dear at 
Antwerp, paſſed in boats of ten or twelve ton, by the mouth of the 
«.duke's cannon, in deſpight of them, when a ſtrong weſterly wind and 

tide of flocd favoured them ; as allo with a contrary wind, and ebbing 
tide, they returned back again: ſo as he was forced in the end to build 
his Bockads overthwart the river, to his marvellous trouble and charge. 
« The fort of St. Philip terrified us not in the year 1596, when we en- 
te tered the port at Cadiz; neither did the port at Puntal, when we were 
entered, beat us from our anchoring by it, though it played upon us 
« with four demi-cannon, within point-blank from fix in the morning 
ce till twelve at noon. The ſiege of Oftend, and of many other places, 
« may be given for proof, how hard a matter it is to ſtop the paſſage of a 


fort is fo ſet as that of Augra in Fercera, that there is no paſſing along 
« beſide it, or that ſhips are driven to turn upon a boweline toward it, 
« wanting all help of wind and tide; there, and in ſuch places, it is of 
« "thi uſe and fearful : Otherwiſe not.“ 8 | 

zince Sir Walter's time, the Sound has been better fortified, yet in 
1700 Sir George Rook paſied it, notwithſtanding the Daniſh fleet Jay 
to impede his paſſage. The actions at Londonderry, Vigo, Porto Bello, 


Carthagena, and:at many other places, are all ſufficient proofs, that nei- 


thet 


% coming to find a good market for their butter and cheeſe, even the 
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And before that time the enemy may have accowpliſhed his deſign. 
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ther forts nor caſtles can {top the enterprizes of the brave; and therefore 


it has been judged proper on many occaſions, beſides forts and batteries, 
to lay booms and other obſtructions in a ſtream, to ſecure the ſhipping 
there from the attacks of a powerful enemy. | 


|} T0 lay a Boom. 

Provide a great number of wooden battlings or ſpars of about 20, 3% 
or 40 feet long, more or leſs, and between 5 and 10 inches diameter. 
Then moor two boats, having a ſheet-anchor in each, in the place near 
one ſide of the river where it is intended the boom ſhall begin ; bend 
two cables to theſe anchors, and round them place the ſpars or poles, 
frapping on each with rattling ſtuff, or better with four-inch rope, until 
the boom is 7, 8, 9, 10, or more feet diameter {according to the hands 
employed), the cables being in the middle; next, with iron hoops ri- 
vetted together, worm the boom, and drive through the hoop a nall into 


almoſt every ſpar. After having wrought a good birth for the anchors, 
drop them, and continue the work till it is brought near the other edge 


of the river, and there drop two anchors more, with the cables bent ta 
them, 'Then over all laſh the ſpare yards and top-maſts with the top- 
chains, ſo far as the channel goes. DIY "2 

To that part of the cable within the boom, over the channel, let two 
or more cables be faſtened, and bent to anchors laid down the ſtream ; 


over the clinch of theſe cables let battlings or ſpars be wrought for near 


ten fathoms down the ſtream, that the enemy may not cut theſe cables, 


| Theſe will be ſerviceable when the enemy's {hips come em!rngs againſt 


the boom ; for if he force it in one place, the whole will not be opened 
by that fracture. | 


In places where wood is ſcarce, and proper {pars are not to be readily 


had, or in caſes where there is not time ſufficient to prepare them, it 
may be found ſufficient to woold two cables together with old ropes, 


laſhing to them the oars, top-maſts, and yards, and worming the whole 
about with iron hoops : and let every part. be well payed with pitch, and 
ſmall gravel ſtrewed on it while the pitch is warm. A boom fo prepared 
cannot be eaſily cut. | | ES | 

It is in moſt cafes convenient to have the boom ſo contrived, as to 
open at one end for the paſſage of veſſels ; and this may be done ſeveral _ 
ways, one is to let one end of the cable be clinched to an end of a large 
mooring-chain, the other end floating with a buoy, and this end fixed to 
the ring of the anchor by a ſhackle, Now the chain being looſed from the 
anchor at the ebb with a ſlack hawſer fixed to it, the bam will ſwing 
down the ſtream during the ebb, and upon the flood the boom may be 
relaid, if the enemy appear in ſight, which he mult do the firſt of the 
tide, for upon the ebb there is no danger of his coming; becaule, if the 


wind be right in, a prudent enemy will not adventure againſt the tide, a 


ſhip then making ſuch wild ſteerage; and ſhould the ground, ſhe muſt lie 
there till flood, which may prove fatal to her from the batteries aſhore z 
and againſt both wind and tide the enemy cannot come in. On the con- 
trary, thould the boom be carried up the flood, and the enemy appear at 
the beginning of the next flood, the boom cannot be relaid till the ebb, 


- 
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1 192. If there be good ſtore of timber at hand, a fockado may be made 


by driving ſeveral rows of piles in the channel before the boom; or 


ſhould the depth of water be too great for this work, the trees may be 
vſefufly applied in making a raft to ride before the boom by good an- 
chors, ſo that the cables be made too' falt for the enemy to cut them, 
Theſe rafts may be of ſingular uſe, by making fires on them, when the 
enemy appears, which will put him into ſome conſternation, and perhaps 
may cauſe him to chop to anchor, and Joſe time or his tide ; and this may 


which might give the enemy too great an advantage. 


be done each flood, obſerving,not to have the ſmoke drive into the works, 


193 N oe: | ; To lay a Boom in a ftraight Channel. 


| Suppoſe the wind for the moſt part to blow obliquely acrofs the river 
or channel on the ſtarboard quarter going up the river, if the boom be 
laid directly athwart the chanel, the ſhips coming with the tide of 
food, and a leading gale will run ſtemlings againſt it, and poſſibly break 
it by ſtriking with a force that comes direct; whereas, could the boom 


be laid obliquely athwart the river, nearly in a line with the wind, fo 
that the ſhip muſt take it with her bow, the blow would be diverted by 


the ſhip's caſting : becauſe in this poſition the enemy cannot run ſtem- 
lings againſt it; for in ſailing up the river, the ſhip muſt be near before 
the helm; and to bring her bead to a boom laid obliquely, the helm 
muſt be put down, and then it is ten to one whether ſhe come to ſo 
nicely as to take the boom: not to mention the miſtakes which in the 
confuſion may be committed by the man at the helm, and him upon the 
2cond, nor the ſmoke ; for excluſive of all theſe, it may be taken for 
granted, that the ſhip would caſt along- fide the boom; and then the 


batteries at the end of the boom on the larboard ſide would rake him 


fore and aft, while the oppoſite batteries on the ſtarboard fide playing on 
his broadſide with double-round and partridge, muſt make a great ſlaughter 
among his men cutting at the boom. And ſhould he not ſwing along- 
ſide the boom, but lie ſtemlings againſt it, the batteries on the ſtarboard 


ſide of the river, which are to be made above the weather end of the 


boom, will rake him fore and aft, while thoſe on the larboard fide play on 

his quarter or broadſide. - . | 

194. The ſhips within the boom, which it is to protect, ſhould be 

moored in a kind of half- moon with their broadſides flanking the boom. 
And ſeveral old ſhips, or thoſe which are the leaſt uſeful, may be ſunk as 
ſoon as a ſignal is given from one of the forts, ſignifying that the boom 
will be cut. For this purpoſe, thoſe ſhips ſhould have large ſcuttles 

ready cut: and for a farther ſecurity it would be very proper to have a 


ſmalt boom to divert the enemy, that the ſhips may be ſunk in the chan- 


nel before he boards them. 


As to the reſt of the ſhips, they are left to the judgment of their com- 
manders : and if there js no other remedy, the people may get aſhore to 


windward if they can, and there make the beſt defence in their power 
azainſt the enemy's boats and fire-ſhips. From duly weighing the whole 
of theſe eircumſtances it will be found, that the chief ſtrength is in the 
4 | | = boom; 
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boom; therefore if a double, triple, or fourfold boom were laid, if the 
materials could be procured, nd the value of the ſhipping and cargoes 
were of ſufficient importance, it would make the place ſo much the 
ſtronger, and the enterpriſe of the enemy more hazardous. In ſtretchin 

theſe. booms, the trouble of many anchors. may be ſpared by ey 

the cables faſt to the firſt, and fo let them float in a bight, and by a'imall 
anchor ride upon the ebb, to keep clear of one another,” „ 


195. e To lay a Boom in the Bend of a River, 


From the point formed by a bend ſtretched two booms acroſs the chan- 
nel, one toward the middle of the oppoſite bight, and the other ſo much 

higher, as to lie directly athwart the channel, leaving a kind of angular 
ſpace between them. f 13 


Next the point from whence the two booms ſtretch; erect a proper fort 


or battery to command the channel below and above the bend. 5 
On the other ſide of the river erect another fort or battery againſt the 
bight a little above the end of the lower boom, and ſo diſpoſed, that its 
1 rake the channel coming up, as well as command both the 
boom. wet ek 2 =. 
From ſuch a diſpoſition, it is a great chance if a ſhip anſwer her helm 
ſo timely in bearing or loofing about the point, as to take the boom ſtem- 
lings, and if ſhe. ſmite it with her bow, ſhe caſts; and in either caſe ſhe 
_ be raked fore and aft by one fort, and have her broadſide battered by 
e other. 5 ET | 
Loet ſome old veſſels be fitted up for fire-ſhips, and placed between the 
two booms; from each ſhip let two hawſers be carried aſhore, one on each 
fide, and fixed to crabs or capſtans ſet up; ſo that as ſoon as the enemy 
has paſſed the firſt boom, theſe ſhips being ſet on fire, and heaved in their 


way, nothing can hinder the enemy's deſtruction, As ſoon as fire is ſet 


to the train, tie boat may pull aſhore under covert of the ſhip without an 
apparent danger ; for ſuch will be the enemy's conſternation, that they will 
ſoon leave firing. The hawſers may be faſtened to clamps below the 
water-line, that they be not burnt, nor in fight of the enemy to cut them. 
If the fire-ſhip is clapt aboard the weathermoſt ſhip, they may be both 
heaved together aboa d another to Jeeward. C 
The ſhips to be defended, may be moored in a half- moon, with their 
broadſides ſo laid, as to batter the enemy when he attempts the boom: 
and if other works than what are here directed be judged neceſſary, they 


muſt be adapted to the ſituation of the place. „ | 
1096. When no ftrong attacks by land are to be feared, the mooring 
of ſhips behind a point is beſt on account of laying the boom. Now 
ſhould the boom be forced, which muſt be upon the flood,;a fire-ſhip, 
inſtead of falling on board a ſhip thus moored, will, by the tide, be hug- 


ried beyond her ; and if the place be any ways favourable, to the ſhips 


moored there, it will be found impracticable to board a ſhip thus, moor- 
ed, with ſuch a wind and tide as the enemy muſt have to break the boom, 
unleſs he expoſe his boats in carrying out an anchor to warp. over,;which 
will be a very dangerous attempt; or ſome unaceountahle accident in- 
terven en W 


e | | 1297. It 
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197. It may be objected that ſhips thus moored cannot bring theit 
droadſides to bear upon the enemy when coming to force the boom; and 
that they may be battered by the enemy over the point. Jo this it ma 


be anſwered, firſt, It is no matter whether the broadſides do bear or not, 


for perhaps it might be the beſt way to get the guns aſhore, if there is 
time, to be there uſed; and to put the ſmaller ſort only on the lower 
deck, and turned to flank the boom. Secondly, The enemy will have 
but an uncomfortable birth in lying to batter the ſhips over the point, as 
they will have to deal with the fre from the fortifications aſhore. W hat is 


here ſaid, is only to be underſtood when five or ſix ſhips are to be de- 


fended ; for the wake of a point would not hold any conſiderable fleet. 


198. Maxim: to be obſerved in fortifying a harbour and mooring the ſhip. 
41S ping in it. 5 | 


1. Let all the land-marks be removed that may direct the enemy's 
ſteerage into, or up the river or harbour, when there is a probability of an 
attack. : OG | | 

II. Chooſe ſuch a place, if poſſible, for erecting the works on, as cannot 
be laid under water, either by haſty rains, or by any art of the enemy. 
III. Let the eminences which command the works within cannon- 


hot, be ſecured by erecting ſmall forts on them, furniſhed with ſmall 
Cannon. | | 1 Tel 


IV. All woods within cannon-ſhot of the fortifications are to be cut 


down, and the timber employed about the works. 

V. Secure a ſpring of freih water by a fort and proper guard. 

VI. Take all the buoys from the anchors that ride the booms, that 
the enemy may not trip them. | | | 
VII. Let the powder and other munitions be ſeparated and kept in 
different places, that if an accident happens, the whole may not be de- 

ſtroyed. = f | 

VIII The ſhips ſhould not be (poſted near any town or village, unleſs 
they are intended to cover that place, or the thing be unavoidable ; leſt 

the ſhot and bombs which miſs the ſhips deſtroy the town. 

IX. The ſhips ſhould never be moored before the fortification. 

X. Moor the ſhips fo as to rake the enemy fore and aft when he bat- 
ters the works. 5 . OTE 

XI. Let not the ſhips when moored touch one another, that the ene- 
my may be obliged to burn each ſhip fingly. 2 

XII. Unrig the Thips, and ſtrip the ſhrouds from the maſt-head, that 
the grapplings of fire-ſhips may have no hold. 

XIII. Let the fails be carried aſhore for tents, and moſt of the gun- 
ner's ſtores ; that if the worſt happen to the ſhips, there may be ftore of 
ammunition for the forts. 5 „% OD | 

XIV. Unleſs the cargo be aſhore, let not the cheſts nor clothes of any 
perſon, from the captain to the ſwabber, be carried out of the ſhip ; that 
9 may have ſome inducement to exert himſelf in the defence. 
| Loet outguards and centinels be placed upon and near the banks 

of the river or harbour; and let ſome hands in nimble boats, armed, pals 
down the ſtream each night to watch the motions of the enemy. 
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199. Of the mooring of ſhips in fortified harbours. 


Before the boom is laid, it will be neceſſary to appoint the place where 
to moor the veſſels, that they may be beſt ſecured from the enemy's fire- 
ſhips, and yet annoy their men of war; and as this can be only done 


either in the ſtream or out of it, the advantages and diſadvantages in both 


caſes will be here conſidered, 


200. Conſiderations in mooring with regard to the flream. 
FirsT. The advantages an enemy has of a ſhip moored in the ſtream. A 


| ſhip moored in the ſtream will find ſome difficulty in bringing her broad- 


ſide to gall an enemy in his approach, who always comes with the ſtream ; 
and if the tide runs too ſwift for one to lie athwart, it certainly does fo 


for the other; both having ground tackle equally good. 


2d. In this ſituation there is no hindering a fire-{hip, that has paſſed the 
boom, from being aboard you, as none but the chaſe-guns can be brought 
to bear on it; and ſhould you heave athwart, the enemy will be the ſurer 
of grappling you, unleſs by bringing your whole broadſide to bear you 
ſink him; for if the officer, through want of courage, ſhould forſake the 
fire-ſhip, yet the tide will bring it aboard; beſides, in ſuch a poſition the 


enemy's ſhips of war may board you, and then your batteries aſhore are 


uſeleſs. | 
3d. In riding in the ſtream the cables are expoſed to the enemy; which 


being hit by a chance ſhot, the ſhip will ſwing upon the tide, and the 


enemy have the opportunity. of raking you fore and aft; and if the enemy 


— 


has any conduct, he may lay his anchors ſo, that his cables ſhall be ſecured 


from your ſhot. | 
4th. Should you moor athwart the ſtream, the enemy may drop a ſmall 


anchor out aſtern, veer athwart your hawſe, and ſo conſtrain you to alter 


your poſition, or rake you fore and aft. | | | 

5th. In riding athwart the ſtream, the cables by bearing a more than 
ordinary ſtrain, are apt to break, or ſtart an anchor; then the ſhip ſwing- 
ing on the tide, it is a great chance but the other anchor ſtarts, and ſhe 
ſwings to leeward. But theſe advantages are on the enemy's fide only 
while the tide ſets in; for the defendants have them when the tide ſets 
out: therefore, in ſuch places where the ſtream runs continually out, the 
beſt way is to moor in it, if the wind does not blow always in. 


201. SECONDLY. The advantages a ſhip mooYed in a ſtream has over an 
enemy. 5 g En, 
iſt, A ſhip moored athwart the tide lies convenient. to rake an enemy 


fore and aft in his approach, and ſo may do him a conſiderable damage 


before he is athwart the ſtream to batter. 3 


2d. In riding thus in the ſtream, according to the common ſituation 


of rivers, the enemy cannot batter you under covert. 


202. TüIR DIL x. A ſhip moored out of the flream has theſe diſadvantages. 
1ſt. That ſhe cannot rake the enemy fore and aft ſo well as while ſhe 


lies in the ſtream, unleſs by ſome particular ſituation of the me” 1 
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2d. The enemy's men are not much expoſed in mooring ; for he needs 
only to drop his anchor, and he may veer along your ſide ; or, if you lie 
athwart the river, acroſs your hawſe : but this may be prevented by ridi 
in the wake of a point; for ſhould the enemy drop anchor before he is 


about the point, he cannot veer along-ſide; and if he let go his anchor 
after he ix about the point, he may be aſtern before he is brought up. 


263. FouRTHTY. A ſpip moored out of the ſtream has theſe advantages. 

xſt. There is no danger of the fire-ſhips driving aboard her, unleſs di- 
rected by a ſtrong wind. And for the ſame reaſon, the enemy cannot be 
athwart your hawſe, unleſs he tows there with his boats, and then they 
and their crews are expoſed to your cannon; — - 5 
2d. A ſhip thus moored is in leſs danger of driving, ſhould her cables 
.be ſhot. | 


| un ſiderations in mooring with regard to the wind. 
204. FIRST. With regard to windward. : 
Beſides the advantage of being free from che ſmoke, you may cauſe the 
enemy to drive to leeward ſhould you hit his moorings; and if he tries to 
| heave off by carrying an anchor to windward, his boats will be expoſed 
to your cannon ; and if the boats lay to paſs his ſhip, while he heaves, 
. will be raked fore and aft, which muſt do great execution among his 
men while they ſtand thick at the capſtan : but it is highly probable, a 
ſhip fo grounded could not be got off. 1 Ts 
When to windward, the cables are covered from the enemy by the 
ſhip, and may _—_— to clamps and cleats nailed to the fide, and ſo the 
mooring ſecured from random-ſhot. And this ought to be carefully done for 
preventing the only diſadvantage that attends ſhips moored to windward, 
which is, that if their cables are ſhot, they drive out upon the enemy, or 
ſwing head to the wind; if the former, they may be boarded by the enemy's 
fire-ſhips, or ſhips of war, and then your precautions are rendered fruit- 
leſs; if the latter, they may 3 fore and aft by the enemy; and if 
neither of theſe happen, the fhip may drive to leeward and be grounded. 


205. SECONDLY. Vith regard to leeward, EL | 
A ſhip ſo moored cannot prevent the enemy's being ſent on board, un- 
leſs a ſhoal or ſtockado lie between them. Ss 7 
In this poſition, ſhould you ſhoot the enemy's cables, through his care- 
leſſneſs in covering them with his hull ; yet as he drives aſhore, or upon 
you, his boats are covered with his hull, while they carry an anchor to 
windward to heaye off. 5 5 
Beſides, your moorings lying to windward are expoſed to the enemy; 
and ſhould they be cut, you will ſwing head at wind, and in that poſition 
de raked fore and aft; if you attempt to carry out an anchor to heave your 
droadſide againſt the enemy, your boats will be too much under his com- 
mand; indeed, inſtead of carrying out an anchor it may be beſt to clap a 
ſpring upon the cable, but this will fail if the ſhip is too near the ſhore. 
Upon the whole, it appears beſt to moor to the windward in the wake 
of a low point, when ſuch a ſituation can be obtained; but the circum- 
ſtances being ſo various, it muſt be left to the judgment of the commander, 
who, if hs rightly conſiders what has been faid, will chuſe the beſt. 
| - | 85 ene 
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” SECTION % 
206. Of ſome remarkable actions concerning the 
attacks of ſhips in fortified harbours. 


_ Having ſhewn the methods that have been directed by experienced 

men, to be uſed in the defence of harbours, we ſhall now think of cloſing 
this work with the accounts of ſome of the moſt remarkable actions re- 
corded within the laſt 100 years, in which the Engliſh have had any 
ſhare, This was thought uſeful on two accounts ; firſt, as examples to 
the preceding precepts ; and, ſecondly, to point out to the young mariner 
the means by which many have acquired great reputation and honour, 
207. The battle of Santa Crux, in the year 1657. 

Santa Cruz is a town and bay on the weſt ſide of tie iſland of Teneriff, 
one of the Canary iſlands. The bay, which lies rather open than incloſed, 
has deep water near in ſhore; but the beſt anchoring is about half a mile 
from ſhore, in 30, 40, or 50 fathoms water, black ſlimy ground: if 

there be many ſhips, they muſt ride cloſe one by another. The thore is 

in general high land, and in moſt places is ſteep to the water, | 

Admiral Blake lying with ſome ſhips near Cadiz to watch for the re- 

turn of the Spaniſh plate fleet, had intelligence they were in the bay of 
Santa Cruz, in the iſland of Teneriff; he broke ground the 13th of 
April, and on the 20th arrived at Santa Cruz, where he found the Spa- 
niſh fleet, to the number of ſixteen, moored in the bay in a half- moon. 
Near the mouth of the bay was a caſtle well furniſhed with near 40 
heavy cannon ; and beſides that, there were ſeven forts round the bay, 

with 6, 4, or 3 great guns in each, all united by a line of communication 
from fort to fort, and well lined with muſketeers. Don Diego Diagues, 


the Spaniſn general of the fleet, upon ſight of the Engliſh fleet, cauſed 
a the ten ſmaller ſhips to be moored cloſe to the ſhore, and ſet fix great 
j galleons, well manned, farther out at anchor, with their broadſides to ſea: 


In this poſture the Spaniſh admiral vainly thought himſelf fo ſecure, that 
a Dutch merchant ſhip going out of the harbour, he ſent a meſlage by 


. him to Blake, that he might now come if he durſt. 
The Engliſh admira}, having well viewed their poſture, ſaw it would 
- be impoſſible to bring off the galleons ; however, he reſolved to burn 
n them, and to that end ſent in Captain Stayner, commander of the Speaker 
0 frigate, with a ſquadron to attack them. He ſoon forced his paſſage into 
the bay, whilſt other frigates entertained the forts and lines with continual 
5 broadſides; theſe were preſently ſupported by Blate himſelf, with the whole 
n fleet, who placing ſome of his ſhips to batter the caltles and other forts, 
. he with Stayner continued to engage the galleons; over which, in fix hours, 
a de gained (notwithſtanding they had reinforcements of men ſeveral times 
2 from the ſhore) a complete victory. The Vice-admiral and Admiral 

were blown up in the engagement, and the reſt driven aſhore ; where, 

8 notwithſtanding the fire from the forts, they were all ſet on fire by the 
i Engliſh, and every one of them was burnt to the water's edge. They had no 
75 ſooner done this, than the wind luckily turned, and carried the fleet, with 


out the loſs of one ſhip, out of the bay, and put them ſafe to ſea again. 
N Vor. II. | * E 
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208, The action of "= in the year 1689. 


Londonderry is a ſmall but pretty ſtrong town in the north of Ire. 
land: it ſtands on the weſt fide of the river Loughfoyle, about three miles 
from a lake of the ſame name; which is about ten miles broad and fif- 
teen miles long, communicating with the ſea by a ſtreight of about 2 
mile in breadth, ſo that the town ſtands about eighteen miles from the 
ſea. The river next the town is about r of a mile over, and keeps this 
breadth nearly between the town and lake, where its mouth is defended by 
Culmore fort, which is a large ſquare with four baſtions. 

This town was beſieged by the Iriſh and French in the year 1689, and 
the garriſoa brought into great ſtraits for want of proviſions, the be- 
ſiegers having {ſtrongly fortified the river. There was a boom framed of 
a chain of cables, covered with timbers, ſtretched acroſs the river about 
two miles below the town, from a point on the eaſt ſide: each end of the 
boom was defended by a fort. Between the boom and Culmore fort 
were two other forts, one on each {ide the river, and another fort above 
the boom oppoſite the town. The ſides of that narrow river were in- 
trenched and lined with muſketeers, and ſeveral boats were ſunk, and 
ſtockadoes drove, armed with large iron ſpikes. - | 

Notwithſtanding all theſe preparations the boom was forced, the town 
relieved, and the fiege raiſed, by the affiſtance brought by three ſhips 
only, in the following manner: The AMontjoy of Derry, commanded by 
Captain Browning, and the Phenix of Colrain, by Captain Douglas, being 
both laden with proviſions, were ſent towards the town, under the con- 
-voy of the Dartmouth frigate, commanded by Captain Jahn Leate. They 
were forced to ſtand a furious fire of the enemy from Culmore fort, and 
from the forts and intrenchments on both ſides of the river, which the 
received and returned with the greateſt bravery imaginable. The Mont. 
joy made a little ſtop at the boom, occaſioned by her rebound, after 
ftriking and breaking it, ſo that ſhe run a-ground. Upon this the ene- 
my gave a loud and joyful ſhout (though a dreadful one to the beſieged), 
fired all their guns upon her, and were preparing their boats to board 
her. The trouble and concern of the beſieged, to ſee their laſt hopes 
diſappointed, is not to be exprefled ; but by great providence, firing a 
"broadſide, the ſhock looſened the ſhip ſo, that ſhe got clear and paſſed * 
boom. Captain Douglas was engaged all the while, and the Dartmout 
gave the enemy very warm entertainment, til] at length the three ſhips, 
having overcome the great difficulty of breaking and paſſing the boom, 
got into the city, and brought unſpeakable joy and tranſport to a garri- 
ſon, which reckoned only upon two days hfe, having nothing Jeft but 
nine lean horſes, and a pint of meal to each man, This brave and ſuc- 
eeſsful undertaking ſo diſcouraged the enemy, that they raiſed the ſiege 
the next day, and retreated by night in the utmoſt confuſion ; but made 2 
moſt miſerable havock in the country, by robbing and burning all before 
them for ſeveral miles. | | | 

The boom appears to have been laid directly athwart the ſtream, and 
fo was calier to force, than if it had been laid obliquely acroſs, 
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| 20g. The action of Gibraltar, in the year 1693. F 


The Engliſh fleet, under the command of Sir George Rooke and Sir 
Thomas Hobſon, were convoying a very large fleet of merchant ſhips to- 
ward the Mediterranean; but falling in with the French fleet, under the 


command of Admiral Tourville, the Englith admiral gave the ſignal for 


the merchantmen to ſhift for themſelves. Among others, four heavy- 
laden Turkymen; namely, the SHandois, the Italian Merchant, the Ala, 
and the Loyalty, ſtood away for the Spaniſh ports, and put into the bay of 
Gibraltar ; where the commanders of the Turky ſhips, being hindered 


from proſecuting their vogage by ſome diſſenſion on board, and the fear 


of the French flect, thought proper to fortify themſelves, 
For this purpoſe the commanders poſted their four ſhips in a line 


within the new mole, which ſtretches to the NW., with their broad- | 
ſides flanking toward the north, or entrance into the mole z the ſhips 


were unrigged, and conſequently having no fails to manage, they turned 


all hands to the cannon, bringing as many as they conveniently could to 


. « 


bear on one ſide. | 
On the SE. end of the mole, or land-ſide; was a caſtle, in which were 
mounted ten ſmall cannon, four pointing into the bay toward the weſt, 
three commanding the mole, and the reſt flanking the NE. ſhore. Op- 
polite to the mole-head was a kind of redent, very advantageouſly built 
to flank the entrance into the mole ; but neither on this, nor the mole- 
head, had the Spaniards any cannon. From the caſtle there ran north- 
ward a line of communication, or a ſtrong ſtone wall, to the ſouth end of 
the town, where was a battery of cannon, but too far from the mole ta 
be of any ſervice in defending it. 5 | 
The Engliſh ſtretched a cable from the mole-head to the redent, the 

ends being bent to two ſheet anchors, and to this cable they laſhed their 
ſpare-yards and top-maſis. Upon the mole-head were planted ſix of the 
Shandois's guns to flank the boom, and this battery was committed to the 
care of ſome Engliſh ſeamen, who behaved themſelves very well. The 
commanders intended to plant ſome guns at the other end of the boom 
upon the redent, but being obliged to go through the caſtle, the draw- 
bridge broke, and down went the firſt gun that came upon it into a ditch 
near forty feet deep, with ſome of the Shandois's men; by this it may 
be Judged in what condition the Spaniſh works and garriſon were. 
fourteen or ſixteen men of war and two bomb-ketches, and ſtanding 
within ſhot of the caftle, the Spaniards ſhewed their dexterity in manag» 
ing their ordnance by firing about one ſhot in half an hour. The com- 
manders perceiving their aukwardneſs, ſent a 2 from on 

board the Shandois, and the gunner's mate of the Loyalty, to their aſſiſt- 
ance, and ſome dozens of cartouches z but through want of „ in 
the Spaniards they were both blown up. All this time not a ſhip could 
bring a gun to bear, and ſo without any damage the enemy paſſed by iato 
the bay, where they anchored, l | 
In the afternoon they ſent down two nen of war to view in what poſture 
the ſhips lay; as ſoon as they came within ſhot, the Engliſh fired briſkly 


at them; but before many broadſides were returned, they ſtood away to 
- = * E 2 their 


n this poſture things were, when the French-came into the bay with 


a 
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their ſquadron, and continued ,quiet that day. Next morning a ſhip- of 
upwards of atty guns came toward the boom, and it proving calm when 
ſhe came within ſhot, there was pretty briſk firing on both ſides, on 
vrhich ſhe endeavoured to row off, but her boats were ſunk from the bat- 
tery on the mole-head, and had not boats come from the ſquadron to her 
- afiftance, ſhe had moſt certainly been ſunk, having above 100 cannon 
playing upon her from the Enzliſh. The enemy finding ſuch entertain- 
ment provided for them before the boom, ſent off four men of war and 

the two bomb-heiches, which lying to the ſouthward of the mole, and 


Fring over it, raked the Engliſh fore and aft; who, on account of their 


former diſpoſition, could not bring one gun to bear upon the enemy, either 
from the four ſhips, or from the mole; under theſe circumſtances, the 
commanders judged it belt to ſink the ſhips. In the evening the French 
ſtood out of the bay; and next day ſto-d in again; and having poſted - 
ſome men of war and their two bomb-ketches againſt the caſtle and mole, 
they {ent in a'ſtore-ſhip which they had turned into a fire-ſhip, and burnt 
the upper works of three ſinking thips ; for the Italian Merchant's fore- 
caſtle being under water, ſaved the Shandois. 


210. Diſpoſition of the Engliſh fleet at Cadiz. | | 
The 16th of October Sir George Rooke arrived in the bay of Cadiz 
with the fleet under his command, and on the 21ſt it was reſolved in a 
council of war, that as there were but 30 ſhips of the line, which was 
not a force ſufficient to oppoſe the enemy, who were expected to be above 
double that number, all that could be propoſed till the fleet ſhould be re- 
inforced from England, was to protect the trade. But leſt the French 
ſhould appear at Cadiz before this reinforcement arrived, it was agreed 
that the ſhips ſhould be removed within Puntal caſtle, and formed in 
three lines; which was all that could be done, the ſhips being in general 
but half manned, and the Dutch ſhips very foul. 1 
Theſe three lines were to be as follows: the firſt to conſiſt of the 
largeſt Engliſh ſhips, to lie from Pultal thwart the channel to the creek's 
mouth called Truccadero, next within the north caſtle; the ſecond to be 
compoſed of the ſmalleſt Engliſh and Dutch thips, along the ſhoal on the 
ſouth ſide of the harbour; and the third to be of the largeſt Dutch ſhips, 
to begin from the upper end of the ſecond line, and to trench away thwart 
the channel, to the mouth of the upper creek, which goes to Port Real; 
and the ſmall frigates, bomb-veſlel-, and fire-ſhips, were to be poſted to 
the beſt advantage, as the wind and other circumſtances might permit. 
However the fleet was not attacked, and about the middle of March Sir 


George put to ſea on his return to England, and arrived in the Channel 
on the 22d of April. | | 


211. Fertifications in the harbour of St. Fohn in Newfoundland, 1697. 
Commodore Norris being ſent with a fleet to recover Hudſon's bay, 

put into the harbour of St. John in INewfoundland, upon hearing that a 

large French fleet were on the coaſt of North America; and not knowing 
the ſtrength of the enemy, he judged it prudent to ſecure his force, that 
| | | it 
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it might be employed in the ſervice he was ſent on. He therefore put his 
ſquadron into a line of battle, which was compoſed of four fourth rates 
two fifth, and two fixth rates, with two fire ſhips, two bomb-veſſeis, and 
a hag-boat. TWo booms were laid acroſs the harbour, and Colonel Gib- 
ſon's regiment, that was carried by the ſquadron from England, was diſ- 
embarked, and ſeveral guns mounted on the batteries aſhore. | | 
When the French ſquadron came in fight, the foregoing diſpoſition was 


altered. All the men of war lay in a halt-moon to the harbour's mouth; 


and each ſhip's broad{ide, commanded the two booms : Colonel Gibſon's 


regiment was poſteg at the two batte: ies, and about the harbour's mouth, 
and Captain Richards (who was the engineer for fortifying the harbour) 
was making ſuch works as he judged neceſſary on this o-calion; and that 
tne ſquadren might be better able to do ſervice, all the men were taken 
from the merchant ſhips and put on board them. | 


The French fleet male no attempt on the harbour; but, on the con- 


' trary, were glad to find that the Engliſh hd been miſinformed of their 


frength, and fo ſhaped their courſe for Europe. 


212. As The battle of Vigo, in the year 1702. 


Monſieur Chateau- Renault arriving early in September at Vigo in Gal- 
licia, with the Spaniſh galleons under his convoy, received information 
of the Engliſh and Dutch fleets being before Cadiz; of which timely 
intelligence he made all the; advantage he could in preparing for their re- 
ception. | „ 5 

In the upper end of Vigo bay is a river. running into the bay; up this 
river is Redoxdella harbour, which is ſurrounded with hills in ſuch a man- 
ner, as fo be capable of being made very ſtrang, the harbour's mouth not 
being above a muſket- hot over. On the north ſide the entrance was a 
battery of eight braſs, and twelve iron guns, and on the ſouth fide : piat- 
form with twenty ſtately braſs guns, and twenty good iron guns, be- 
ſides a ſtone fort, with a trench about it, mounted with» ten guns, and 
defended by 500 men. A little above the battery on the right, from two 
points in a narrow gut, was ſtretched a cable, to which was laſhed maſts, 
yards, caſes, &c. with their top chains, and frapped about with four- 
inch rope very thick. The bight of the boom was rid by taree auchors 
down the ſtream, that if the Engliſm ſhips came ſtemling againſt it, 
they might not bring home the anchors upon the ſhelf at tae end of the 
boom; or if they cur it in one place, the whole might not be open. To 
flank the boom, there was moored the L't.ſperance, a ſhip of ſeventy 
guns, on the ſouth fide, and the Le Bourbon, a ſhip of ſeventy-ſix guns, 
on the north fide ; alſo five men of war, of ſixty and ſeventy guns each, 
lay moored with their broadſides flanking the gut, The French admiral, 
to give him his due commendation, had taken all human precautions to 
lecure his fleet, FE OE | | | 

When the confederate fleet came before the place, Sir George Rooke 
called,a council of war, and it was reſolved. to attempt the forcing of the 
harbour the next morning. As ſoon as the land- forces were got on ſhore, 
the 12th of October in the morning, the admiral gave the ſignal to 
e ſquadron was briſkly bearing up te 
E 3 5 | the 
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the boom; but when the van was got within ſhot of the batteries, it fell 
Calm, ſo that they were neceſſitated to come to anchor. A freſh pale 


3 ſpringing up not long after, Vice-admiral Hopſon, in the Torbay, being 


xt the enemy, immediately cut his cables, clapt on all his fails, and 
bearing up directly againſt the boom, amidſt all the enemy's fire, broke 
through it at once, caſt anchor between the L*Eſperance and Bourbon, 
and with unparalleled reſolutioù received ſeveral broadſides from them, 
The reſt of Vice-admiral Hopſon's diviſion, and Vice-admiral Vander- 
goes, with his detachment, having weighed at the fame time, failed 
abreaſt toward the boom, to add the greater weight and force to the 
ſhock, but being becalmed, they all tuck, and were obliged to hack and 
cur their way through; but a freſh gale blowing again, the Dutch Vice- 
admiral made ſuch good uſe of it, that having hit the paſſage which the 
valiant Hopfon had made, he went boldly in, and made himſelf maſter of 
the Bourben. All this while Admiral Hepſon was in great danger, for 
being clapt on board by a French fire-ſhip, by which his rigging was 
preſently ſet on fire, he expected every moment to be burnt z but it very 
fortunately fell out, that the French ſhip, which indeed was a merchant- 
man laden with ſnuff, and fitted up in haſte for a freſbip, being blown 
up, the ſnuff in ſome meaſure extinguiſhed the fire, and preſerved Hopſon's 
ſhip from being conſumed, w ich however received very conſiderable 
damage in this action. At the ſame time Captain Bokenham, in the 
Aſſeciation of ninety guns, laid his broadſide againſt a battery of ſeven- 
teen guns on the left fide the harbour, while Captain Myvell in the Bar- 
fleur, a ſhip of like force, was ſent to batter the fort on the other fide. 
Thus for a long while there was a conſiderable firing of great and ſmall 
| ſhot on both ſides, till the French admiral ſeeing the platform and fort in 
the hands of the Engliſh, his fire-ſhip ſpent in vain, the Bourbon taken, the 

boom broken, and the confederate fleet pouring in upon him, he ſet fire 
to his own ſhip, and ordered the reſt of the captains under his command 
to follow his example, which was done in great confuſion ; yet could he 
not be ſo punctually obeyed, but that ſeveral men of war and galleons 
were taken by the Exgliſb and Dutch.—In this action it ſhould be ob- 
ſerved, that the ſucceſs of the fleet was in a great meaſure owing to the _ 
land- forces under the command of the Duke of Ormond, who not only 
drove away ſeveral bodies of troops deſtined for the defence of the ſhore, 


but alſo took the caſtle and platform on the ſouth ſide, which might other- 
wiſe have done great damage to the fleet. 


213. The action of Carthagena, in the year 1741. 


Carthagena, one of the beſt towns the Spaniards have in South-Ame- 
Tica, lies on the Caribbean Sea, almoſt due fouth of the eaſt end of Ja- 
maica. An irregular ſhaped peninſula, running in the direction of the 
ſez *oaſt, nearly north and ſouth, forms a fine harbour of about ten miles 
long, and in ſome places about two miles broad: near the north end of 
this harbour ſtands the city, its NW. fide being waſhed by the ſea, which 
being very ſhoal and rocky to fome diſtance from the ſhore, together 
with a great ſurf, hinders the town from being moleſted to ſea-ward. On 
the ſouth end -y the harbour is an entrance called Boca-chica, of about 
ö | F one 
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one third of a mile broad, with ſufficient water for the largeſt ſhips. The 
north fide of this entrance is near a mile long, running eatt and weſt, and 
the ſouth fide not above half that length; juſt within this paſſage, on the 
ſouth ſide, lies a ſmall iſland, between which and the eaſt end of the north 
ſide is about one fourth of a mile. | 5 
In the ſpring of the year 1741, England being at war with Spain, an 
expedition againſt Carthagena was undertaken by the Engiiſh ; the fleet 
was under the command of Admiral Vernon, and the land force was con- 
ducted by General Ventworth ; the Spaniards, apprized of the deſign, 
made an excellent diſpoſition for the reception of their enemies, who 
found the following impediments to their ſailing into the harbour. | 
Near the eaft end of the north fide of the entrance, ſtood a well-built 
regular ſquare fort called Boca-chica caſtle, two of its baſtions com- 
manding the paſſage, the walls of ſtone, and mounted with 82 cannon 
and three mortars; and at the weſt end were the forts of St. Philip and 
St. Jago, ſerving as redoubts to the caſtle, and guarding a ſmall bay 
where there was tolerable landing. On the weſtern end of the ſouth _ 
ſhore, called the Barradera, was a faſcine battery of 15 heavy cannon, 
about five of which commanded to ſea- ward, and the reſt flanked the 
welt ſhore of the other fide, and even the. caftle itſelf. On the iſland 
ſtood St. Joſeph's fort with 21 guns; between this fort and the caſtle was 
ſtretched a boom obliquely acroſs the paſſage ; and above this boom were 
moored, in a line commanding the boom, four men of war, each carrying 
from 60 to 70 guns. . . 

Three. Engliſh 80 gun ſhips, in about three hours cannonading, 
obliged the enemy to retire from the forts of St. Philip and St. Jago; 
and the army was landed, encamped, and formed the ſiege of the c:ſtle: 
eight days afterward, the camp having been much galled by the Barra» 
dera battery, it was attacked, burnt, and moſt of the guns ſpiked, by the 
boats of the fleet, under the command of Captain Beſcawen but the 
Spaniards, knowing the value of that battery, repaired it; and by its fire 
ſo much interrupted. the progreſs of the army, that feyen days after its 
firſt de ſtruction, three ſhips were ordered to lie againſt it, and the boats 
of the fleet were again manned, under the command of Captain Maiſon, 
when they effectually deſtroyed the whole battery. Two days after, on 
the 25th of March, while Bocha-chica caſtle was ſtorming by the army 
through the breach they had made, the Admiral ſent the ſhips boats, un- 
der the command of Captain Knowles, to attack St. Joſeph's fort, which 
he took poſſeſſion of about ten o'clock at night, and alſo of the Gallicia, 
the Spaniſh admiral Don Blaſs's ſhip, the Spaniards, upon hearing the 
Engliſh huzzas at the caſtle, having abandoned the caſtle, St. Joſeph's 
fort, and the four ſhips, which were already ſcuttled for ſinking to. 
barr up the paſſage z but the enemy, in the utmoſt panic, had not time 
to follow their o:ders, ſo that ony two of their ſhips were ſunk, and a 
third they ſet on fire. Captain Knowles immediately ordered the boom 


- 


to be cut, and opened the paſſage, through which Admiral Vernon with 
the fleet failed the next morning: and now the Englyh having poſ- 
ſeſſion of the harbour, the neceſſary diſpoſitions were made for gaining 
the town: but here they failed; and the officers thought it better to 


retire with their fleet and army, than to ſtay longer in a country, the un- 
| | | wholeſome 
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whateſome climate of which was infinitely more to be dreaded than the 
utmoſt efforts of its timid inhabitants. ED ; 


of SI EI Z it 3 


214. The proceedings of the Engliſh in the river Hughley, in Bengal in 
: 5 India, 1757. „ | | 


— db_ 
©: + » 


In the year 1756, the government of Bengal devolving on a nabob in 
the French intereit, he, on a frivolous quarrel; diſpoſſeſſed the Engliſh of 
moſt of their ſettlements cn the river Hughley ;/ but the governor of 
Calcutta, and many of the factory, ſecured themſelves, and part of their 
efleas, on ſhip-boaxrd, and fel] down the river out of the nabob's reach. 
To regain theſe places, and to puniſh the nabob and the French for 
their perfidious dealings, Admiral Watſon, commanding the fleet, and 
Colonel Clive the land-forces, entered the river Hughley. On the 15th 
of December the army was landed, and, in conjunction with the fleet, 
attacked and took eyery place of defence on the river up to Calcutta, 
which they retook on the 2d of Januaty, 1757 ; and before the 11th 

they took the town of Hughley, which they plundered, and afterward 
deſtroyed, or | 55 

On the 5th of February, Captain Warwicl, at the head of a party of 
ſcamen, by the Admiral's order, joined Colonel Clive, and the ſame day, 
they gained a victory over the nabob's army, which obliged him to make 
a peace, very, advantazeous to the Engliſh © © © 

Afterward, Colonel Clive having taken all the French poſts in the 
neighbourhood of Chandenagore, except one between the fort and the 
river, Admiral Watſon, who was procceding up the river to ſecond the 
land operations, found himſelf obliged to come to anchor about two miles 
below the place ; for the French had done every thing in their power to 
obſtruct the paſſage of the Engliſh by ſinking two ſhips, a ketch, a hulk, 
a ſnow, and a veſſel without any maſts, all directly in the channel, within 
gun-ſhat of the fort, and laying two booms, moored with chains, acroſs 
the river, | | | | | 

The Admiral conceiving that a paſſage might be found between thoſe 
ſunken veſſels without weighing any of them, ſent by night ſome expert 
pe rſons, under the direction of Mr, Delamot, maſter of the Kent, who, 
without being perceived by the French, found out a ſufficient channel, 
and cut tue booms; which being effected, and the boats on their return, 
Delamot* hung up a light at the maſt-head of one of the ſunken veſſels, 
at which the enemy Kept up a conſtant cannonade during the night. 
On the 24th the Admiral. paſſed through: this channel with three ſhips, 
and coming abreaſt of the fort, he anchored ; and in leſs than three hours, 
after 2 very briſk firing, the enemy hung out a white flag, and ca- 
pitulatcd, notw.thtanding they were 1200 ſtrong, had 183 cannon, and 


— 8 — 2 . 
— — — — 


Perhaps Delamot, to cover his leſt operation, hung up the light at a 
diſtance from the place where he was at work, to draw. the enemy's fire clear 
from the people employed, | | 


d;* O 
three 
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three mortars. Captain Latham was ſent to receive the 


poſſeſſion of the fort, and colonel Clive, with the king's 
in about 5 o'clock, = 


73 
keys, and take 
troops, marched. 


215. 5 H the ſiege of Louiſburg, in 1758. 


Loouiſburg is a ſtrong town in the iſland of Cape Breton; it ſtands at 
the SW. end of a very fine bay, which extends NE. and SW. above 
two miles in length, and is about three quarters of a mile in breadth : 
the entrance, of about one quarter of a mile broad, is near the middle of 
the bay; its ſouthern ſide is formed by a cluſter of iſlands, in one of which 
ſtood a large battery, called the Iſland Battery, of 36 guns; and'on the 
coaſt oppolite the entrance ſtood the royal battery of 42 guns, with a co- 
vered way and glacis before it. In the harbour were 13 fait of ſhips, 
moſt of them lying to the NW. of the town, ready to defend it on che 
harbour ſide, and to impede the approaches on the fang ſide: the garriſon 
was about 4,000 ftrong, had about 220 cannon, 18 mertars, and was well 
ſtored with proviſion and ammunition. © ' . 

On the 28th of May, the fleet under Admiral Beſcatven, and the army 
under General Amberſt, aſſembled before Halifax, and on the 2d of 
| 1 anchored in Gabarus Bay, about two miles to the SW. of 

ouiſburg: but on account of the blowing weather, nothing toward 
landing could be done till the 8th, when ſeven frigates drew near ſhore, 
and for about a quarter of an hour cannonaded the French defences 
thrown up along ſhore; and then the boats landed the troops amidſt a 
very heavy fire, both of the French muſketry and cannon, and a moſt 
dreadful ſurf, which overſet and ſtaved ſeveral: of the boats, and drowned 
many ſoldiers; and upon the whole there were above 100 boats loſt in 

landing the troops and proviſions. ee 5 | 

On the 12th, Brigadier Wolfe was ſent round the harbour to the 
north ſide of the entrance, to conſtruct a battery near the light-houſe, 
and thence to ruin the iſland battery. He drove the enemy from all their 
defences on that ſide, took ſeveral'cannon, and by the 20th had com- 
pleted the light-houſe battery, which, with the fire from the ſhips, 
ſilenced the iſland battery by the 25th. The light-houſe battery being 
conſiderably ſtrengthened by ſhip-guns, and intrenched, Brigadier Wolfe 
was ordered round with his detachment and cannon, and to advance to- 
ward the weſt gate, and to try to deſtroy the ſhipping. He took poſt on 
the hills for that purpoſe on the Zoth.' 5: Fixes 

The 29th, the French ſunk tour ſhips in the harbour's mouth with 
their maſts cut down; and on the 21ſt of July, one of their ſhips was ſet 
on fire by a ſhot from the marine battery; this fire communicating to 
two others, the three were burnt. On the night of July 25, Admiral 
Boſcawen detached the boats of the fleet in two ſquadrons, under the 
command of the Captains Lafory and Balfour, to take. or burn the only 
two French ſhips then in the harbour. The boats going ſilently along 
the middle of the harbour, the noiſe of the oars was not heard at land, 
nor at the ſhips till the boats were nearly along- ſide; and then the cou- 
rage and activity of the ſramen rendered all reſiſtance uſeleſs: one 7 the 
Ts ſhips, 


* 
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ſhips, the Prudente of 74 guns, being aground, they ſet her on fire; and 
the other, the Bienfaiſant of 64 guns, they cut from her anchors, and 
towed into the NE. harbour amid the fire of the muſketry and cannon' 
from the town and other places. 8 : | | 
In fine, the batteries of the Engliſh being opened, well ſerved, and 
well directed; and the enemy's ſhips, and- many of their defences being 
ruined ; they thought proper to capitulate on the 26th of July, and the 
Engliſh took poſſeſſion of the town on the 27th. 


216. b Of the taking of Quebet, in the year 1759. | 


QueBec, the capital of the French dominions in North America, 

ſtands on the NE. bank of the great river St. Lawrence, about 360 
miles from its mouth, and on the ſouth ſide of the river St. Charles; 
which falling into the river St, Lawrence on the north of the town, 
forms a fine baſon of about three miles in length and breadth ; the eaſt 
and NE. parts are terminated by the iſle of Orleans, which is a moſt de- 
lightful and well cultivated ſpot about twenty miles long and ſeven broad, 
formed by the river St. Lawrence. The greateſt part of Quebec ſtands 
on a rocky hill, in ſome places near fifty feet above the river; and on a 
ſmall ſtrand at the foot of the hill is built the part called the Lower 
Town: the high land ſtretches up the river St. Charles, and alſo, with a 
ſteep front, for many leagues up the river St. Lawrence. The town 
was fortified and well defended by many batteries; and an army of 
about 10,000 men, under the brave and cautious General Montcalm, 
occupied poſts well intrenched, at every acceflible ſpot, for an extent of 
near five miles on the fide of the river St. Charles, which was imagined 
to be the only part where the town could be approached by an enemy: 
theſe poſts had in front a ſand-bank between them and the river, and 
thick woods in their rear. : | | 

The Engliſn army, of about 7,000, commanded by General Wolfe, 
was landed by Admiral Saunders, who commanded the fleet, on the 27th 
of June, on the ifle of Orleans; and on the 29th of June a detachment 
drove the enemy from Point Levi, a high promontory on the ſouth ſhore 
of St. Lewrence, which commanded the baſon, and even the town of 
Quebec, and from whence the Engliſh batteries conſiderably damaged 

the Upper Town, and entirely deſtroyed the Lower one: and about the 
fame time a detachment took poſſeſſion of the weſtern point of the iſle of 
Orleans, which alſo commanded the baſon. Admiral Saunders, with 
his diviſion of the fleet, was poſted below the town in the north channel, 
and Admiral Holmes, with his diviſion, was ſtationed above the town, to 
divide the enemy's attention, and guard the batteries playing on the town 
and works. | . „ 5, 

On the 3oth of June, about midnight, ſix fireſhips, well prepared 
for burning, their ſails being covered with a compoſition that burnt a 
conſiderabſe time, were almoſt in an inſtant lighted up, and made a moſt 
terrible appearance. They came down with a gentle breeze and a ſtrong 
tid: toward the middle of the fleet, then riding in the north channel, 
pretty cloſe to one another; but this being expected by the Admiral, 
the boats were ordered gut, and theſy dreadful machines towed aſhore 
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on the Iſle of Orleans, where they burnt quietly without doing any 
miſchief, The enemy's next attack was by a raft of fire-ſtages com- 
poſed of fir logs, each ſtage about the ſize of a long-boat; theſe were 
laſhed together, filled with combuſtibles, loaded piſtols, and gun- 
barrels, and turned adrift toward the ſhips, but with no better ſucceſs 
than the other : the whole was about 200 feet long, and made a fine 


bonfire. 


General Wolfe having encamped on the gth of July at Montmo- 
renci, on the continent below the town, and tried, during almoſt two 
months, ſeveral ways to ng the enemy to a battle, (all which were 
fruſtrated either by the difficulties of the place, or the vigilance of Mont- 
calm), determined to try what could be done above the town. He 


therefore removed the camp to Point Levi on the oppoſite ſhore, and 


Adrairal Holmes's ſquadron made for ſeveral days ſome movements 
up the river, the Engliſh army advancing at the ſame time along the 
ſouthern fide ; while M. Bouganville, with a body of 1,500 French troops, 
proceeded along the northern ſide to watch theſe motions. On the 
12th of September, about midnight, the Engliſh were embarked in 


the flat-bottomed boats, and fell ſilently down the ſtream, the enemy 


being amuſed up the river by Admiral Holmes. The boats landed on 
the north ſide, not exactly where it was intended, and the troops were 
obliged to ſcramble up a woody precipice, which however they effected, 
diſperſing a captain's guard poſted there, and the army was formed by 
daylight. | . 

While this was doing, in order to draw Montcalm's attention an- 
other way, as had been concerted, Admiral Saunders ordered all the 


boats of the men of war and tranſports, well filled with men, to feign 


an attempt on the French intrenchments below the town. The num- 
ber of boats, and the manner in which this falſe attack was con- 
ducted, kept the French general too much alarmed to think what might 


be doing above the town, and which he could ſcarcely believe when 


informed of it; but being convinced, he aſſembled his troops and 
marched to attack the Engliſh, Both armies drew up with great cir- 
cumſpection; and the French advancing, began the engagement with 
a galling though irregular fire ; which was received and borne with 
great patience, till they were come to the diſtance of 40 yards; then 
the Engliſh poured in ſuch a,well-aimed and dreadful fire, that the French 
army immediately ſtaggered; and being puſhed with a true Britiſh 
ſpirit, they broke and yielded up the victory. This deciſive battle was 


followed by the ſurrender of Quebec, by capttuJation, five days after; 


and the Engliſh troops took poſſeſſion of that city and its neighbouring 


country. 5 


217. The late wars, particularly the laſt, have furniſhed many ex- 
amples of ſea engagements, and of the attack of ſtrong places on the 
ſea-coaſts; where both the ſea and land officers have ſhewn theme 
ſelves poſſeſſed of all the military knowledge, which good ſenſe and ex- 


+ perience could produce, beſides that intiepidity ſo natural to Bri- 


tons: the few examples here ſc:.ted, chiefly to illuſtrate the laying of 
booms, are neither the moſt intereſting, nor thoſe where Britiſh valour 
| | | has 
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bas . in its . wales; there are many e . 
portance, and accompanied wich as ſtriking circumſtances, which may be 
found among the accounts publiſhed on thoſe occaſions. This ſubjec 
cannot be better cloſed, than with a remark of Admiral Vernon ; 15 
where men of war can be brought to act at a ſmall diſtance, as e 100 
yards, or leſs, no fort can withſtand their fire; but at a greater diſtance, 
as of half a cannon $ that a fort can receive e very little e nog the 
fire of 4 Aer S | | 
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